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PREFACE 


The term “ precious metals ” has usually been applied 
to gold and silver only, Its use dating back to a time when 
no regard was paid to platinum. As platinum is now in 
common use and is more valuable, weight for weight, 
than gold, it may very well rank as a precious metal. 
Other metals of high price come under , the heading t>f 
rare metals. 

In the preparation of this work, the aim has been to 
provide an introduction to the study of the precious metals, 
and an elementary book of reference for those who do nor 
wish to pursue the subject further. With these objects m 
view details have been generally omitted and a wide extent 
of ground has been covered, including the technical pro- 
cesses of minting and the manufacture of gold and silver 
wares. It need hardly be mentioned, however, that all 
questions of currency and finance have been left untouched. 
It is^also perfectly obvious that the book is not intended to 
be a substitute for the larger tieatises on metallurgy, some 
of which devote the whole of a bulky volume to the full 
consideration of a section of the subject dealt with here in 
the course of a few pages. 

The author desires to express his thanks to Mr. Edward 
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Rigg, I.S.O , Superintendent of the Operative Department 
of the Royal Mint, to Mr. Arthur Westwood, Assay Master 
of the Bnmmgham Assay Office, and to otheis foi kindly 
reading the pi oofs of vanous chapters and for their valuable 
suggestions. 

Northwood, 

Februmy lsf, 1909. 
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THE PRECIOUS METALS 


CHAPTER I 

HISTORY OF GOLD 

It is probable that gold was the first metal to attiact the 
attention of primitive man, although no traces of it have 
been found m the dwellings and other relics of the Stone 
Age. It must be noted, however, that flint daggers with gilt 
handles have been found in Egypt. Whether gold was the 
first metal observed or not, however, it is certain that its 
lusti e, bright coloui, and toughness, and its wide distribution 
in a native state as pieces of all sizes in loose sands and 
gravels, must have led to the collection of gold m very 
early times. 

Professor Gowland considers 1 that the order m which the 
metals vere discovered was not the same for every region, 
but that the metals which occur as such in Nature must 
have been the first known to the men inhabiting the 
localities m which they occuired. According to his view, 
although gold cannot have escaped the observation of the 
men of the Stone Age, it must generally have been found in 
the foim of fine particles which could not have been applied 
to any useful purpose until after the invention of the art of 
melting. Even melted lumps or naturally occurring nuggets 
1 Pi evidential Addi ess, Anthropological Institute, 1906 
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of gold would have been too soft to be of valpe as weapons 
or implements, and must have been used only as personal 
ornaments Hence gold could have played only a very 
small part, if any, m the development of culture in Neolithic 
times. 

It was well known m Egypt some 5,500 years ago, and 
had probably at that time already passed into use as a 
standard of value. Thus m the code of Menes, b.c 3600, 
one part of gold was declaied equal m value to two and a 
half parts of silver. 

The words originally used to denote gold seem to have 
been connected with its glittering appearance, and indicate 
the ideas associated with it m the minds of the early 
observers. Such words are the Egyptian nub, the Hebrew 
zahab, and the Sanscrit jiahta and hrani/a. In later times 
the alchemists called gold sol, and denoted it by the same 
symbol as the sun, O, not on account of its appearance, 
but because it was the most perfect of the noble metals, the 
King of Metals. Silver was luna, the moon, and the other 
known metals were named after the planets. 

The ancient methods of obtaining gold in Egypt are 
illustrated in rock carvings which date back to 1500 b c. 
The auiifeious gravels were washed with water in stone 
basins, and the gold melted m little furnaces with the aid 
of mouth blowpipes. The earliest furnaces being adapted 
from camp fires were urged no doubt by the wind only, and 
the introduction of artificial bellows marked a great advance 
m metallurgical skill. An ancient Egyptian furnace closely 
resembling a camp fire, but fitted with bellows, is shown in 
Fig 1. This is from a wall painting at Thebes and is 
reproduced from the Journal of the AntJu opological Institute, 
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Vol. XXXVI., 1906, by kind permission of Professor Gowland 
and of the Eoyal Anthropological Institute. 

Sloping tables of stone were also used, as well as basins, 
for washing gold ores, and sheepskins spread on the tables 
oi on sloping rocks for entangling the particles of gold and 
helping in its collection were employed at an early date. 
The Golden Fleece seized by Jason in b.c. 1200 doubtless 
typified the gold obtained from the rivers by its use. 



Fig 1 — Ancient Egyptian Furnace 


The introduction of ore- crushing to obtain gold contained 
in solid rock took place at some unknown time, but it was 
well established m Egypt in b.c. 59, when it was described 
by Diodorus the Sicilian as follows 1 : — - 

“ The parts of Egypt near Ethiopia and Arabia are rich 
in gold mines. . . . The ore is a black mineral, marked 
with white veins and shining specks. The chiefs of the 
undertaking employ a great number of workmen who are 
all either condemned eiiminals or prisoners of war. Even 
1 Diodorus Siculus, Bk IY , c 11 and 12 
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the parents of the condemned are summoned when the 
number of workmen is insufficient. They work day and 
night without rest, and under the surveillance of barbarous 
soldiers, who speak languages different from those of the 
miners, so that they cannot be won over either by promises 
or by prayers. 

“ The man who recognises the veins of gold is placed at 
the head of the workmen, and points out to them the place 
to excavate. The rocks are broken by iron wedges. The 
miners follow, in their labours, the dilection of the metallic 
threads, and are assisted by the light of lamps m the 
subterranean darkness. The stones are carried outside, 
and are there crushed and reduced to small f ragmen! s 

“ The workmen never cease from their toil ; they are 
forced incessantly to the work by bad treatment and by 
blows of the whip. Even children are not spared; some 
are set to cany the blocks of stone, others to break them 
into fragments. The fragments are taken by older work- 
men, of over thirty years of age, and crushed m iion mortars. 
The fragments thus crushed are then ground in mills with 
arms, which are turned by women and aged men. Two or 
three people work at each mill It is impossible tcfflescribe 
the sufferings of these unhappy ones ; exposed naked to cold 
and ram, they are allowed no repose , there is no feeling 
of pity, either for a weakly woman 01 for an old man on 
the verge of the tomb , no regard to the sick, who may 
be a prey to the shivering of fever; they are all struck 
indiscriminately with lepeated blows until they die of their 
sufferings on the very spot where they have woiked.” 

When the ore had been reduced to powder, it was spread 
on wide, slightly inclined tables, and a stream of water 
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flowing over the tables earned off the earthy materials, and 
left the gold sepaiated by its weight. This operation was 
repeated by the workmen seveial times; they rubbed the 
powdered ore with their hands foi some time, then they 
wiped it with little sponges in order to remove the impurities 
which water alone could not carry off. By this means the 
gold dust became clean and shining 

Diodorus adds that these methods were veiy ancient and 
had been discovered by the first lungs of Egypt. 

Hollowed-out stone mortars and also stone grin ding-mills 
have been found in many parts of the world besides Egypt, 
in proximity to ancient gold woikmgs, and the methods 
described above were piobably earned by the Romans to 
some of these countries The use of sieves, which were 
originally made of hair and fibies, was also probably 
introduced by the Egyptians, but heavy pestles 01 stampeis, 
requiring the efforts of several men to raise them and let 
them fall, had their ougin m later times 

The gold produced by these simple mechanical methods 
was naturally veiy impure, containing varying proportions 
of silver and other metals. When the silver was m 
sufficient propoition (20 to 35 per cent.) to affect the 
colour perceptibly, the alloy was called elect! inn. This 
natural mixture of gold and silver was used for some of 
the eailiest gold coinages, but the removal of silver by 
cementation was begun m very ancient times. Gold, 
electrum and silver were all recognised and mentioned by 
Homer, and Di. Schhemann found all three among the 
rums of Troy. 

The purification of gold was effected, according to 
Agatharcides, by enclosing it m an earthenwaie vessel with 
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lead (proportionate in amount to the quantity of gold), salt, 
a little tin and some barley husks The vessel was luted 
up and heated m a furnace for five days and five nights, 
and was then allowed to cool and opened. The gold, though 
it had lost a little of its weight, was very puie, and retained 
neither lead nor tin. Such gold w T as called aummobryzum , 
and the process itself was called obmssa. 1 It seems to 
have been a combination of cupellation and cementation. 
The lead and the base metals in the gold would be 
eventually oxidised and absorbed by the pot, and the silver 
chloride, formed by the action of the common salt, would 
also fuse and pass into the pot. The use of the tin is 
obscuie, but the bran would prevent the lead from being 
oxidised and absoibed too lapidly. This process was well 
known to the Romans and is mentioned by Cicero, 
Suetonius, and others. 

Strabo describes the use of cementation in Spain, and 
Plmy gives a still more exact description. The process 
differed fiom obmssa m the omission of lead and the 
addition of misy or sulphate of iron. The removal of silver 
from the gold was more perfect by this method. 

The Middle Ages were characterised more by the work of 
the alchemists than by any great progress in the metallurgy 
of gold. “ Chemia ” was defined by Suidas as the art of 
making gold and silver. It had its origin in Egypt at the 
beginning of our eia, and great powers were attributed to 
the Egyptian pnests, who carefully guarded their reputed 
secrets and made their experiments a pait of the mystic 
rites of their religion. 

The history of alchemy affords very curious reading. 

1 “Histoire de la Ohimie,” E Hoefer, Yol I , p 116 
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The alchemists were familiar with a number of chemical 
changes which seemed to them no less remarkable than the 
transmutation of mercury or copper into gold would be. 
For example, they knew that the addition of antimony to 
copper produced a beautiful violet-coloured substance, and 
that the incineration of lead yielded a bright yellow body. 
Why, they asked, should not the “ projection ” of some sub- 
stance into the base metals give them the yellow colour and 
the other properties of gold ? They sacrificed everything to 
experiments with this end in view and repeatedly announced 
that they had discovered the secret. Nevertheless no one 
seems to have prepared the transmuting agent for himself, 
but to have received it from a mysterious stranger. The 
credulity and desire for gold of the rich and powerful 
kept the alchemists supplied with funds to continue their 
reseaiches, their patrons including many leigning mon- 
archs. Alchemy continued to flourish throughout Europe 
for over a thousand years, and the claims of the gold-makers 
were not generally discredited until about the end of the 
seventeenth century. 

Few improvements were introduced in the extraction of 
gold fiom its ores for several hundreds of years previous to 
the beginning of the sixteenth century. In 1519 stamp 
batteries for crushing ore were introduced at Joachimsthal, 
and screens set at the outlet of the mortars were described 
by Ag?icola m 1556 and were in use in the Hartz in 1767. 1 

A stamp mill for dry crushing in use m the sixteenth 
century is shown in Fig. 2, which is taken from Agricola, 
“De Re Metallica,” Lib. VIII. Here A is a screen frame, 
and B a screen which consists of iron wire and is fastened 

1 “ Yoyages Metallurgiques,” Jars, Yol. II , p. 309 
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to the fiame by iion rods D. The screen E is used for 
separating the fine material from the coarse ore which is 



Eig. 2 — German Stamp Mill of the sixteenth century 

fed to the stamps. The crushed material is sieved at F. 
The stamps are raised by water power. 

The use of mercury for separating gold from other 
materials was described by Pliny and was probably never 
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forgotten. Thus Gebei, who died in 777, was aware that 
mercuiy would dissolve gold and silver but not earthy 
materials, and Theophilus m the eleventh century described 
the extraction of gold from the sands of the Khme by means 
of quicksilvei. In the Tyrol the method of gold ore treat- 
ment included crushing in stamp batteries and the stirring 
of the crushed ore in circular bowls with large quantities 
* of meicury. A stream of water passing through the bowl 
carried off the tailings, leaving the gold to sink to the 
bottom of the bowl and unite with the bath of mercury 
kept there. This process is of great antiquity, and its 
principle is still used m the modern amalgamating 
machines of Hungaiy. 

The catching of amalgam by means of copper plates is 
more modern, and was probably suggested by the Cazo 
process, which was introduced in Peiu in 1609. 1 No 
mention is made of chaiging mercury into stamp batteries 
and catching the gold amalgam on copper plates before the 
year 1850. The chlorination process of gold oie treatment 
originated m 1848, and the cyanide process m 1887. 

As for the paitmg of gold from silver, the cementa- 
tion process continued m use by the side of some other 
furnace processes until it was displaced by the use of nitric 
acid, which dissolves silver and other metals and leaves 
gold unattacked. The process was described by Albertus 
Magnus m the thirteenth century, but was not used on a 
large scale until about 200 years later in Venice It was 
introduced into Paris in 1514, and has become obsolete 
only within the last hundied years The sulphuric acid 
method w T as established m 1802 m Paris, and has flourished 
1 Barba, “ Aite de los Metales,” Lib III , cap xxi 
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for about a century. It is now being superseded by the 
electiolytie piocess, which has already replaced it throughout 
America, In Australia the chlorine process of refining 
and parting, introduced in 1867, is the only one that has 
ever been used, owing to the high price of acids on that 
continent 
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THE PROPERTIES OF GOLD 

Physical Properties. 

Gold has a charactenstic yellow colour, the so-called 
golden yellow. If it contains silvei the colour Is palei 
yellow, and if it contains copper the colour is a more 
reddish-yellow. The colour of pure gold is seldom seen, 
although it is closely imitated by certain mixtures of gold, 
silver, and copper, used for waies of 18- and 22-carat gold. 
Some specimens of gold-leaf consist of neaily pure gold. 
Finely divided gold is often led or puiple, as may be seen 
in purple of Cassius (q v ) and in some luby glass, although 
most specimens of luby glass are now colouied by oxide 
of copper instead of by metallic gold Gold-leaf is green 
by transmitted light. Gold precipitated fiom solution 
vanes m •colour from black to bright led (see Faiaday’s 
gold). Volatilised gold condenses as a reddish-purple stain 
Molten gold is gieen. 

Gold & softer than silver, but harder than pure tin. It 
is the most malleable and most ductile of metals. Leaf 
gold can be made only one three-hundred-thousandth of an 
inch thick by hammenng, and an ounce of gold can be 
diawn out into fifty miles of wire. The tenacity of gold 
is seven tons per square inch, or less than that of silver or 
copper. A wire of 0’1 mch m diameter is broken by a 
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weight of 128 lbs. Gold has an elongation of 30*8 per 
cent, before rupture. 

Gold crystallises m the cubic system, but large, well- 
formed crystals are only occasionally found in Nature, and 
aie difficult to pioduce aitificially There are some large 
cubic crystals of pure gold preserved m the Mint, which 
remained m a crucible when the molten charge was 
poured out. 

The density of cast gold is about 19*3, and this can be 
raised by lolling to 19*48, and by hammering to 19*65 
The density of precipitated gold is usually somewhat higher, 
and one specimen was found to be as high as 20 72, The 
melting point of gold is 1,064° 0., and it begins to volatilise 
at about the same temperature. The amount of volatilisa- 
tion, however, lemams small at the temperatures attained 
m ordinary industrial furnaces. Gold boils readily xn 
electnc-arc furnaces, and its boiling point has been 
estimated by Kiafft and Bergfeld to be about 2,530° C. 
under atmospheric pressure 

Its electrical conductivity at ordinary temperatures is 
76*7, that of silver being 100. Its conductivity foi heat 
is also less than that of silver and of coppei Jt is non- 
magnetic. 


Chemical Properties. 

% 

Originally gold was called by the alchemists a noble 
metal, because it w T as not affected by fire. When put into 
the fire, and even melted, it emerged unchanged, whereas 
the “ base ” metals weie oxidised and “destroyed 99 (i.e. 9 they 
lost their metallic character) under the same conditions* 
In the cupellation process the furnace was observed to 
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remove the base metals from admixtuie with gold, leaving* 
the noble metal unscathed. The other noble metal recog- 
nised by the alchemists was silver, but it was deemed less 
perfect m its nobility than gold, because it could be dissolved 
in aqua fortis, by vhich gold is unaffected. Hence gold was 
called the more noble and silver the less noble or less perfect 
metal. This identification of physical with moral qualities 
still has its effect on our nomenclature 

The symbol of gold is Au (from auntm ), and its atomic 
weight is 197 2, taking that of oxygen as 16. In its solution 
in mercury it is apparently monatomic. It bears a close 
relation to the heavy platinum metals, osmium, indium, 
and platinum. Silver is similaily related to ruthenium, 
rhodium, and palladium, the light platinum metals Thus 
the atomic weights of gold and the heavy platinum metals 
aie not very different, their densities are all veiy high, 
and they all form lower oxides which are feebly basic, and 
higher oxides which are both acidic and basic m a slight 
degree 

At the same time gold is also related to silver and copper, 
compounds of the type RX existing in each case. The 
substance* aurous chloride, AuGl, silvei chloride, AgCl, 
and cuprous chloride, CuCl, lesemble each other in seveial 
lespects. They aie insoluble m water (although AuCl is 
decomposed by it), but are soluble in potassium cyanide, 
hydiochlonc acid, and ammonia. Gold differs from silver 
and copper m the extreme facility with which its compounds 
are decomposed and the metal isolated. At a gentle heat 
chlorine and oxygen aie expelled fiom the chlorides and 
oxides of gold, and metallic gold alone remains. These 
compounds, theiefore, act as oxidising agents. 
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Gold is not appreciably attacked at any tempeiatiue by 
water or by air, and consequently it does not become 
tarnished. Molten gold giadually absoibs oxygen fiom 
the atmosphere, and retains at least part of the 
oxygen after solidification. Accoidmg to Neumann, finely 
divided gold absorbs from 32 to 48 volumes of oxygen 
at 450°, or 0 24 to 0 36 per cent, by weight. Gold also 
occludes hydrogen and carbon monoxide under suitable 
conditions. 

Gold is not perceptibly attacked by alkalies or by hydio- 
chloiic, nitric, oi sulphune acid. Finely divided gold is 
slightly soluble in boiling hydrochlonc acid and in boiling 
nitnc acid. It dissolves readily at the ordinary temperature 
in water containing chlorine, bromine, oi a mixture of iodine 
and potassium iodide It also dissolves readily m a boiling 
concentrated solution of ferric chloride, and m any mixture 
pioducmg nascent cliloime, bromine, or iodine. It is slowly 
dissolved by a solution of potassium cyanide at the ordinary 
temperature. This action depends on the piesence of oxygen 
or an oxidising agent. The most rapid solvent for gold is 
hot aqua legia (a mixture of three parts of hydrochloric 
acid with one part of nitric acid). Another convenient 
method of dissolving it is to pass a current of electricity 
thiough a solution of an alkaline cyanide, using an anode 
of gold. 1 « 

The compounds of gold are not numerous and have not 
been fully studied One of the chief chemical characteristics 
of gold is the difficulty with which its compounds are formed 
and the ease with which they are decomposed. 

1 For further information on the sohmts of gold see u The Metal- 
lurgy of Gold/’ T K hose, ofch edition, 1906, pp 9 and 12 
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Identification of Gold 

Gold m the metallic form can be readily identified by its 
colour, its great density, and by the fact that it is not 
attacked by hot nitric acid. For eonfhmation, the gold 
may be dissolved in aqua regia, and the yellow liquid 
evaporated to dryness with the occasional addition of 
hydiochloric acid. The lesidue, which must not be heated 
above 100°, is redissolved m water, and sulphurous acid 
gas is passed through the liquid. A black or biown pre- 
cipitate insoluble m nitric acid denotes the presence of gold. 

Cupellation is also a good test of the presence of gold 
(see chapter on Assaying). The lead remaining on the 
cupel must be tested fuither, as it may consist of silver 01 
the platinum metals. 

Gold in solution may be identified by acidifying with 
hydiochloric acid and passing sulphuietted hydiogen or 
sulphurous acid. If nitric acid or othei oxidising agents 
are present they must be destroyed befoie SH 2 or S0 2 is 
passed through the solution. The precipitate with sul- 
phuretted hydrogen is black if the solution is cold, brown if 
it is boiling. The precipitate is soluble m ammonium 
sulphide, %nd if it is cupelled or merely ignited it yields 
metallic gold. Sulphurous acid gnes a black precipitate 
of metallic gold, insoluble m nitric acid, and yielding a 
yellow b£kd when cupelled. In these points it differs from 
tellurium, which also gives a black precipitate with sul- 
phurous acid. 

Other reactions of gold m solution as chloride, in the 
absence of nitric acid, are as follows — 

A mixture of protoebloride and perehlonde of tin gives 
a precipitate of puiple of Cassius. 
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Feirous salts yield a black or biown precipitate of metallic 
gold. In veiy dilute solutions, the liquid becomes blue by 
tiansmitted light and btown by leflected light. 

Oxalic acid and alkaline oxalates precipitate metallic 
gold, especially on the application of heat. 

Ammonia gives a yellow precipitate of fulminating 
gold. 

Potash and soda give a jmecipitate o£ oxide of gold soluble 
in excess. If a large quantity of hydrochloric acid is 
piesent the precipitate is not foLmed 

In the absence of an excess of hydrochloric acid 
potassium cyanide gives a yellow precipitate soluble in 
excess 

Solutions containing aurocyanides of the alkalies and 
thiosulphates of gold do not give the ordinary reactions of 
gold, although sulphuietted hydrogen precipitates sulphide 
of gold from thiosulphates Solutions containing cyanides 
or thiosulphates may be tested for gold by heating them 
with aqua regia, evaporating to dryness, taking up with 
water and a little hydrochloiic acid, and testing the solu- 
tions m the ordinary way. 


Colloidal Gold. 

Colloidal gold suspended m water may be obtained in 
vanous ways by precipitating dilute solutions of gold 
chloride. Such gold was first piepared by Faiaday, and 
the ruby-colouied liquids containing it are known as 
et Faraday’s gold.” A good method of prepaiation is to 
raise to boiling a solution containing from 0 01 to 0 001 
per cent, of gold chloride, made slightly alkaline by the 
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addition of a little magnesia, and then to add a few drops 
of foimaldehyde or oil of turpentine, or a solution of acety- 
lene, or of phosphorus dissolved m carbon disulphide The 
red liquid may also be prepared cold, and m that ease the 
action is much more rapid if a drop of liquid containing 
colloidal gold is added to “ inoculate ” the solution. 

The gold is m the form of minute particles, which are far 
too small to settle in water under the influence of gravity, 
so that the liquids remain unchanged even if left undis- 
turbed for years. Nevertheless, the gold is not in solution, 
as is shown by the fact that it can be removed from the 
liquid^by shaking with fleshly piecipitated banum sulphate 
and other precipitates. 

These particles of gold are rendered visible under the 
microscope by means of a powerful ray of light thrown 
from the side. The smallest pai tides that become visible 
are rather less than one hundred-thousandth of a millimeter 
m diameter, or about six times the diameter of a molecule, 
so that they are aggregates of about 200 atoms of gold. 

The gold is collected and the solutions decolorised by 
shaking with mercury. Larger aggregates of gold are 
formed aftd the liquid gradually changed to a blue colour 
by the action of acids, neutral salts, alcohol in excess, etc. 
The blue colour in time changes to violet and then to black, 
and the gold settles to the bottom. 

The same red colour is seen in ruby glass containing 
‘gold. 

The gold purples, such as the well-known pw pie of 
Cassius, also owe their colour to finely divided metallic 
gold or a “ colloidal solution ” of gold. Puiple of Cassius 
is prepared by adding SnCL and SnCl* to a solution of 
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gold chloride. A purple precipitate of hydrated stannic 
oxide is formed, mixed with finely divided metallic gold. 
The same colour is seen when alloys of silver, tin and gold 
are attacked by nitric acid. Recently it has been found by 
H. Moissan 1 that when a gold-tm alloy is laised to its boil- 
ing point in an electric furnace and the metallic vapours 
allowed to escape into the air, the tin burns and a substance 
is obtained with the properties of purple of Cassius, and 
containing tin dioxide, calcium oxide and gold. Similar 
purples are obtained by distilling mixtures of gold with 
lime, alumina, magnesia, silica, etc. Mullei also prepared 
in the wet way a number of purples, containing magnesia, 
lime, baryta and alumina instead of oxide of tm. 


The Preparation of Pure Gold. 

“ Parted 55 gold, which contains little except a small propor- 
tion of silver, is dissolved in mtro-hydrochloric acid, and 
the excess of nitric acid is expelled by evaporation on a 
waterbath with additional HC1. The product consists 
chiefly of chloro-auric acid, HAuCh. As soon as scales of 
gold begin to appear on the surface of the black fi*Bed liquid 
and a smell of chlorine is perceived, the vessel is allowed to 
cool, when the contents solidify. The gold chloride is then 
dissolved in a little distilled water and poured mt<j a larger 
volume of water. A yellow solution is produced with a 
white cloud of silver chloride suspended m it. This is 
allowed to settle and the solution is siphoned off, diluted 
to about 150 c.c. for each gram of dissolved gold, and 
precipitated by sulphur dioxide or oxalic acid. The former 

1 Comptes Rendus , Yol. OXLI (1905), p. 977. 
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is the more convenient reagent, as it acts at the ordi- 
nal y temperature. The brown pieeipitate of gold (laigely 
consisting of scales and plates, if oxalic acid is used) is 
allowed to settle, washed at fiist by decantation, and then, 
when the smell of SO 2 has been removed, by shaking with 
pure cold distilled water in a large flask. After shaking 
with many fresh additions of water, the flask is heated. As 
soon as it can be boiled for twenty-four hours with distilled 
water without showing a trace of hydrochloric acid in the 
liquid (tested by a considerable excess of silver nitrate), the 
gold is dried, melted m a plumbago or clay crucible and cast 
m a blackleaded mould. No scum should appear on the 
surface of the molten gold, but if a scum appeals, it is 
advisable to clear it awa by adding a pinch of boiax. The 
ingot is seratch-bi ushed and cleaned m acid. It is rolled 
down between carefully cleaned rolls. The gold may some- 
times be still not quite pure, and in that case it can be 
improved by passing it again through the whole process, 
redissolving and reprecipitating it. 

This method is used at the Royal Mint in the preparation 
of fine gold trial plates. The most convenient amount of 
gold to^work on is from 10 to 20 oz. Larger amounts 
than these must be subdivided, and smaller amounts may 
give less satisfactory results owing to the introduction of 
impuiitips in melting and casting. 



CHAPTER III 


THE COMPOUNDS OF GOLD 

There are two series of simple compounds of gold, 
corresponding to the geneial formulae AuR and AuR 8 , in 
which R is a negative monovalent radicle. There are also 
some complex compounds which do not exhibit the ordinary 
reactions of gold. In these gold is regarded as forming 
part of certain complex ions (see below under “ Qfamdes of 
Gold/’ p. 28). 

Gold Chlorides. 

There are two well-known chlorides, AuCl and AuC 1 8 . 
As their densities in the gaseous condition have not been 
determined their molecular formulas are not certainly 
known. The formulae given above are the simplest that 
can be assigned to these compounds. They are formed 
simultaneously by the action of chlorine on metallic gold at 
moderate temperatures, and are split up into gold and 
chlorine at slightly higher temperatures. Gold and chlorine 
unite at the ordinary temperature in the presence of Aioisture, 
and this property is taken advantage of in the extraction of 
gold from its ores in the Plattner and other chlorination 
processes. The rate of action increases as the temperature 
rises to about 225° C., when the rapidity of absorption of 
chlorine by gold in the presence of water vapour is at a 
maximum. At this temperature a mixture of about 20 per 



THE COMPOUNDS OF GOLD 


21 


cent, of AuCl and 80 per cent, of AuCla is formed in an 
atmosphere of chlorine, approximately corresponding to 
the empirical formulae Au 2 C1 5 . Meanwhile the opposing 
tendency of the chlorides of gold to decompose mto gold and 
chlorine begins to be apparent at about 70° m an atmos- 
phere of chlorine, and the rate of decomposition increasing 
with the temperature becomes very rapid at about 300°, so 
that above this temperature, even in an atmosphere of 
chlorine, gold chloride is not formed to any great extent. 

In the air, the decomposition of gold chloride takes place 
at far lower temperatures. At 100°, 25 per cent, of AuCla 
is converted into AuCl in seven days. At 190°, AuCla is 
completely converted into AuCl m ten hours, and into 
metallic gold m six days. 

The volatilisation of chloride of gold is of importance in 
connection with the loss of gold m the roasting of ores with 
salt. It was found by the author 1 that volatilisation 
begins at about 180° and rapidly increases to a maximum 
at about 290°. It then falls off gradually until the 
temperature reaches 800°, when it again begins to increase 
rapidly. The rate of volatilisation depends partly on the 
vapour iension of gold chloride and partly on its pressure of 
dissociation, which is at a maximum between 300° and 800°. 

The volatilisation between 500° and 800° (very dull red to 
red heat) is small. The gold volatilises chiefly in the form 
of AuCla, with which a little AuCl is mixed. 

Aurous chloncle, AuCl, can be best prepared by heating 
AuCla to 190° m air. It is a lemon-yellow hygroscopic 
powder, insoluble in water and ether, but soluble in 
potassium cyanide. It is decomposed by water at the 
1 Chem, Boc , Jour , Yol LXYII (1895), p 881. 
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ordinary tempeiatnre into gold, which remains as a fine 
powder, and AuCIs, which dissolves m the water. The 
density of aurous chloride is 7‘4. For its behaviour when 
heated see above. 

Auric chloride , AuClg, can be prepared by acting on 
finely divided gold with chlonne, especially at about 200°. 
or by dissolving gold in aqua regia. In the latter case the 
excess of acid is removed as far as possible by evaporation 
or a water bath, and the reddish-black liquid is allowed 
to crystallise. Some chloio-auric acid, HAuCL*, remains 
mixed with the auric chloride. Pure auric chloride is 
difficult to prepare. The product obtained by acting on 
gold with chlonne at 200° to 300° always contains less 
chlorine than corresponds to the formula AuCl s , If the 
product is dissolved m water, the metallic gold separated by 
decantation, and the solution evaporated to the crystallising 
point, large orange crystals of the hydrate AuCla^HaO 
sepai ate. These can be partly dehydrated by stand- 
ing on a porous tile over concentrated sulphuric acid for 
some days. 

Auric chloride is brilliant red to dark Ted in colour. It 
crystallises in needles and leaflets. Its melting /point is 
288° and its density is 4*3. It is deliquescent and dissolves 
in water readily with evolution of heat. It is also soluble 
in ether and alcohol. Water dissolves about five i^mes its 
weight of AuClg. The strongest solutions aie daik red, 
but weaker solutions are of a bright lemon-yellow colour. 

These solutions are decomposed and gold precipitated by 
many reducing substances, such as sulphurous acid, oxalic 
acid, FeSCh, FeCl 2 , phosphorus, hypophosphites, mtutes 
and nitrous acid, NO, N^O*, arsenious and antimonious 
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acids. The reaction in the case of precipitation by SO 2 
may be expiessed as follows * — 

2AuC1 3 + 8S0 2 + 6H 2 0 = 2Au + 6H01 + SH 2 S0 4 . 

Pure hydrogen, unless nascent, does not appear to act 
on chloride of gold, but most of the metals decompose it 
at once. Mercuiy forms a gold amalgam, lead gives 
dendritic gold, and tin often yields a purple-coloured 
precipitate resembling pui pie of Cassius as well as gold 
in the form of brown powder. Many organic compounds 
also piecipitate gold, their action being assisted by light 
and heat Charcoal acts best on boiling. Solutions of 
gold chloride leave a violet stain on the skm, w T hich can be 
removed by cyanide solutions. Cyanide of potassium, if 
added to gold chloride in solution, pioduces at first a yellow 
precipitate soluble m excess, if much free hydiochloric 
acid is piesent, no precipitate is foimed. 

Sulphuretted hydrogen pi ecipitates metallic gold at 100 °, 
but at lower tempeiatures mixtures of gold, sulphur and 
sulphides of gold aie thrown down. Oxalic acid leduees 
gold chloride very slowly at 01 dinary temperatures, but 
rapidly at 100 °. The reaction may be expressed by the 
following equation : — 

2AuC1 3 *4“ 8 C 2 H 2 O 4 = 2 Au -f- 6HC1 6C0 2 - 

The -detection of minute quantities of gold chloride in 
solution is usually effected either by means of protochlonde 
of tin or of ferrous sulphate. Protoehloride of tm, SnCl 2 , 
gives a brown precipitate of ill-defined composition with 
concentrated solutions of auric chloiide A mixture of 
SnCl 2 and S 11 CI 4 , however, prepared by digesting a piece 
of metallic tin m a solution of SnClg, with the addition of 
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a little hydrochloric acid, gives a purple precipitate of purple 
of Cassius. 

The test may be made a very delicate one. The best method 
of carrying it out is to heat the solution of gold chloride to 
boiling, and then to mis it suddenly with a few cubic centi- 
metres of a solution of stannous chloride. This is most 
easily effected by pouring the auric chloride solution into a 
large beaker containing the stannous chloride. A yellowish- 
white flocculent precipitate of tm hydrate is formed, and 
this settles rapidly, and can be separated and transferred, 
together with a few cubic centimetres of liquid, to a Nessler’s 
tube In this way the author has detected the present of 
one part of gold in solution as chloride m 100,000,000 parts ^ 
of water (or one grain of gold in six tons of water). The 
amount of solution used in this case was about three litres, 
and the colour of the precipitate was a faint greyish- 
violet, the difference between it and stannous chloride pre- 
cipitated by pure water being just visible. The presence 
of one part of gold per million is signalised by a purplish- 
red to blackish-purple colour. 

The ferrous sulphate test is less delicate, but more easily 
and quickly applied. In comparatively strong sortitions a 
brown precipitate of metallic gold is formed, and in weaker 
solutions the colour of the solution becomes bluo by trans- 
mitted light. By comparing two Nessler tubes, me con- 
taining distilled water and the other a solution of gold 
chloride, the presence of one part of gold in about 720,000 
parts of water can be detected by the addition of ferrous 
sulphate. 

Chloro-auric acid , HAuC 1 4 . When gold is dissolved in 
aqua regia and evaporated with excess of hydrochloric acid 
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to the point of crystallisation, long yellow needles are 
formed on cooling, having the composition HAuCl4.4H 2 0. 
When heated these needles fuse and then decompose, yield- 
ing hydiochlonc acid, chlorine, and a mixture of aurous 
and auric chlorides The ciystals are deliquescent and 
readily soluble m water. The solutions are m general 
reduced by the same agents as auric chloride. 

A number of double salts of the same type are known 
and are distinguished by the name chloro-aui ates. They 
are prepared by adding a slight excess of metallic chloride 
to a solution of HAuCh, evaporating to dryness, taking up 
with puie water and crystallising out by evaporation in a 
vacuum. They may be purified by redissolving and recrystal- 
lising them They are all soluble in water and alcohol, and 
may be lepresented by the general formula, AuCl3.BG nH 2 0. 

Potassium chloro-auiate crystallises m yellow needles, 
having the composition 2KAuCU 5H 2 0 Sodium chloro- 
aurate, NaAuCh 2H 2 0, which also forms yellow needles, 
is used in photography in the toning bath When pure it 
contains 49 5 per cent, of gold. 

Chloro-aurates of ammonium, barium, strontium, lithium, 
magnesiiJhi (MgAu 2 Cl 8 .6H 2 0), calcium, manganese, nickel, 
cobalt, zmc, cadmium, rubidium and caesium are also known 
in crystalline foim. They are all dehydrated at 100°. 

Double'chlorides of gold and phosphorus, gold and sulphur 
and gold and selenium have also been piepaied. 


Gold Bromides 

Two bromides, AuBr and AuBr 3 , have been isolated cor- 
responding to the chlorides. Their vapour density has 
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not been determined, so that their molecular formula are 
unknown. 

Aurous biomide, AuBr, is obtained by heating auric 
bromide, or better still biomo-auiic acid, to about 115°. If 
bromo-auue acid, HAuBr 4 .5tI 2 0, is heated in a porcelain 
basin, it melts and gives off HBr and water. After being 
kept at 115° for some time, the colour becomes yellowish- 
grey, and nearly pure AuBr remains. Thus prepared it is 
a yellowish-giey amorphous powder, not deliquescent and 
insoluble in water, but decomposed by it on boiling into 
gold and auric bromide. Hydrobromie acid confbrts it 
into metallic gold and bromo-aurie acid. At temperatures 
above 115° it is decomposed into gold and bromine. 

Auric bromide, AuBr s , is prepared by acting on finely 
divided gold with bromine in the presence of water. The 
aetion is slow and may be somewhat expedited by heat. 
Gold is more readily soluble m a mixture of nitric and 
hydrobromie acids, but in this case the nitric acid must be 
subsequently expelled by evaporating at a gentle heat, if 
auric bromide is to be prepared. In evaporating solutions 
containing either bromide or chloride of gold, the bottom 
only of the porcelain basin must be heated, white the sides 
are kept cool. If this precaution is not taken, the salt 
creeps up the sides and over the edge, and is found in part 
on the outside of the vessel. • 

Auric bromide crystallises in black needles and in seailet 
plates. It also occurs as a brownish-black powder. It is 
not deliquescent and is not very soluble in water, dissolving 
in about 100 parts of water at the ordinary temperature. 
Even highly dilute solutions are coloured red, and as the 
proportion of auric bromide increases the solution darkens, 
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and concentrated solutions are nearly black. Auric bromide 
is soluble in ether, and lesembles aune chloride m many 
of its properties. It is split up into gold and bromine at 
about 140°. Its solutions are reducible m the same way 
as those of ehloude of gold. Sulphui dioxide completely 
decolorises a solution of auric bromide befoie any gold is 
precipitated. The final result of the action may be repre- 
sented by the following equation — 

SS0 2 + 2AuBr a + 6H 2 0 = 8H 2 S0 4 + 2Au + 6HBr. 

Auric biomide forms double bromides or bromo-aurates 
with biomides of some othei metals. The biomo-aurates 
are of reddish-brown colour, and are similar in pioperties 
to the chlor-aurates. 


Gold Iodides 

Iodine combines with gold less leadily than either 
chlorine or bromine. Gold dissolves m a solution of 
potassium iodide containing iodine, forming a solution of 
potassium iodo-aurate, KAuI 4 This salt crystallises in 
black, lustious, quadrangular prisms which decompose on 
heating. Auric iodide, Aul 3 , is obtained as a dark green 
precipitate by adding AuC 1 3 little by little to a solution 
of potassium iodide. Auric iodide is veiy unstable, and 
bieaks down into aurous iodide and iodine at the ordinary 
temperature. It is decomposed by potash with pieeipita- 
tion of metallic gold. Aurous iodide, Aul, is obtained as a 
pale yellow precipitate by adding potassium iodide little by 
little to a solution of auric chloride. It is decomposed into 
gold and iodine at a temperature of about 120°. 

Some double iodides oi lodo-aurates are also known, as, 
for example, KAuI^. 
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Gold Cyanides. 

The only simple cyanide known is aurous cyanide, AuCy. 
A number of double cyanides corresponding to a hypo- 
thetical arnie cyanide, AuOys, are also known, but no such 
compound as AuCy3 has been isolated. 

Auious cy-amde is prepared by evaporating down a solu- 
tion of potassium aurocyanide, KAuCy 2 , with hydrochloric 
or nitric acid and washing it with water in the dark. The 
residue when diied consists of yellow crystalline grains of 
aurous cyanide. It is insoluble m water, alcohol and ether, 
and is unaffected by exposure to air and light provided that 
it has been well dried. It is not attacked by nitric, hydro- 
chloric or sulphuric acid, but dissolves m aqua regia. 
When heated, cyanogen is given off and metallic gold 
remains. It is soluble in ammonia, sodium thiosulphate, 
yellow ammonium sulphide, and in alkaline cyanides. 

Awocyanides of ammonium, potassium, sodium, barium, 
strontium, calcium, cadmium, zinc and cobalt have been 
isolated. These compounds when m solution contain 
the ion AuCy 2 , “ aurocyamdion,” and not the simple ion 
Au. They are colourless and do not show the ordinary 
reactions of gold. When a solution of potassium auro- 
cyanide, KAuCy 2 , is electrolysed, it is believed that 
potassium is set free at the cathode and the *ion AuCy 2 
at the anode. The potassium acts on water, liberating 
hydrogen and forming potash, and also perhaps in part 
replaces the gold m solution directly, precipitating the gold 
at the cathode and forming potassium cyanide The AuCy 2 
get free at the anode immediately breaks down into AuCy 
and Cy. The AuCy is either precipitated in the anode 
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sludge or is redissolved m excess of KCy if that is present, 
and the nascent cyanogen generally attacks the anode, 
dissolving or oxidising it. 

Aurocyamde of potassium, KAuCy 2j is formed by dissolving 
AuCy, fulminating gold or Au 2 0 m a solution of cyanide of 
potassium. It is also formed by passing a cunent of elec- 
tricity through a solution of cyanide of potassium, usmg a 
gold anode. Soon after this was discovered it was found 
by Bagration 1 that plates of gold are slowly dissolved by 
cyanide solutions without the aid of an electric battery. 
This is due to the presence of oxygen, as was pointed out 
by Eisner 2 The amount of oxygen lequired was shown 
by Maclaunn 3 to be in accordance with the equation — 

4Au -f- 8KCy -f- 0 2 2H 2 0 — 4KAuCy 2 -f" 4K0H. 

According to Bodlandei 4 the action takes place in two 
stages, the first stage being accompanied by the production 
of hydrogen peroxide, which then acts as an oxidisei and 
enables the cyanide to dissolve more gold, thus : — 

(1) 2 Au + 4KCy + 2H 2 0 + 0 2 = 2K AuCy* + 2KOH + H 2 0 2 . 

(2) H 2 0 2 -t 4KCy + 2Au = 2KAuCy 2 + 2KOH. 

Oxygen can be replaced by many other oxidisers in this 
reaction. Among these may be mentioned sodium dioxide, 
barium dioxide, hydrogen peroxide, potassium permanga- 
nate, potassium ferncyamde, chlorine, bromine, etc. The 

1 Bull de VAcord des Sciences de St. Petersbourg , Yol II. (1843), 
p. 136 

2 Erdm Jour Pi ah Ohem , Yol XXXYII (1846), p. 441 

8 Jour Ohem Soc , Yol LXIII (1893), p. 724 

4 Zeit. fur Angeuandte Ohemie , 1896, p. 583 



30 


THE PRECIOUS METALS 


dissolution of gold is assisted in all cases by heat, if the 
oxidiser is not destroyed by it too xapidly. 

Amoeyamde of potassium is also formed without the 
presence of an oxidisei by the action of the double cyanide 
of mercury and potassium on metallic gold. In this case 
the gold directly replaces the mercury m solution according 
to the equation — 

HgCy 2 .2KCy + 2Au = 2KAuCy 2 + Hg. 

The action is greatly expedited by boiling the solution. 

Auiocyamde of potassium crystallises m colourless rhom- 
boidal octahedra, which remain unchanged in air at the 
ordinary temperature, but are decomposed by heat, cynpiogen 
being given off and a mixtuie of gold and potassium cyanide 
remaining. The auroeyanide is soluble m seven parts of 
cold water and m half a part of boiling water When it is 
heated with nitric, hydrochloric or sulphuuc acid, hydro- 
cyanic acid is given off and aurous cyanide is precipitated. 
On boiling with aqua regia all the cyanogen is removed 
and gold chloride remains. 

Ferrous salts are without action on solutions of KAuCy 2 , 
but according to Lmdbom oxalic acid and sulphur dioxide 
precipitate aurous cyanide from hot solutions. 

Gold is precipitated from solutions of potassium auro- 
cyamde by the passage of a current of electricity or by the 
action of certain metals, notably zinc, copper and aluminium. 

The reaction is probably mainly one of simple displace- 
ment, thus : — 

2KAuCy 2 + Zn = K 2 ZnCy 4 + 2Au. 

When cyanide of potassium is not present in excess, the 
action stops almost at once, owing to the formation of a 
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layer of zinc hydrate 01 zinc cyanide on the zinc, or 
peihaps to the “ polarising 55 action of a layer of hydrogen. 
When KCy is present m excess the zinc dissolves m it, 
hydiogen is freely evolved, and potash is formed. In the 
cyanide process, the zinc shavings used to precipitate the 
gold tend to become coated with a “ white precipitate,” 
which consists of a mixture consisting mainly of zinc 
hydrate, zinc cyanide, and feirocyanide of zmc and 
potassium . 1 

Gold is also piecipitated fiom solutions of KAuCy 2 by 
charcoal, and AuCy is precipitated by the addition of copper 
sulphate after acidification with S 0 2 . Aurous cyanide is 
also piecipitated by neutralising a solution of EAuCya by 
means of sulphuric acid and adding cuprous chloride. 

Aurocyamde of potassium is used m gold baths for 
electro-plating. The baths may be prepared by passing 
an electric current thiough a solution of potassium cyanide, 
using a large anode of gold and a small cathode. 

Auiocyamdes of ammonium, NELAuCy*, and sodium, 
NaAuCy2, are similar m their properties to the potassium 
salt. The ammonium salt is easily soluble in water, but 
the sodium salt is only slightly soluble. 

All these auiocyamdes, when acted on by chlorine, 
bi omine, or iodine, yield compounds, of which EA.uCy2.Cl2 
+ 2 H 2 0 , ijLay be taken as a type. These compounds are 
very soluble m water, and are decomposed by heat. 

Auncyauicles are salts of auncyanhydiic acid, HAuCy4, 
which can be prepared as follows : — A solution of AgN 0 3 
is added to a solution of auricyamde of potassium. A 

1 Pnster and Bay, Jour Chem Met and Mug. See of S A , Yol Y. 
(1904), p 75 
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precipitate of auricyamde of silver is obtained, and this 
is washed and then tieated with a small quantity of HCL 
The liquid is then filteied, to remove the silver chloride, 
and evaporated m a vacuum, when colourless tabular 
crystals of HAuCy4 + 1-}H 2 0 lesult. 

Auncyanide of potassium, KAuCy4 + liH 2 0, is formed 
by adding a perfectly neutral solution of AUCI3 to a warm 
concentrated solution of KOy. On evaporating down, large 
tabular colourless crystals of the auncyanide are formed. 
They are easily soluble 111 hot water, and are less soluble 
in cold water. Auncyanide of potassium begins to decom- 
pose when heated to 200°, but fuses at a red heat long 
before its decomposition is complete 

Auricyanides of ammonium, silver and cobalt are also 
known 

Sidphocyanides of gold are known only as double sulplio- 
cyanides, such as aurous potassium sulphocyamde, IvAuS 2 Cy 2 , 
formed by adding AuC1 3 to KSCy at 80°. This salt forms 
insoluble precipitates with many metallic salts. Seleno- 
cyanates of gold are also known, but cyanate of gold has 
not been prepared. 


Oxides of Gold. 

Three oxides have been isolated, Au 2 0, AuO and Au 2 Oa. 
These are obtained by precipitating the haloid compounds. 
They are not readily formed by the action of oxidising 
agents on metallic gold, and are all reduced at a moderate 
temperature by heat alone, oxygen being given off and 
metallic gold left as a residue. Auric oxide, Au 2 O s , is 
obtained by the action of potash or magnesia on a boiling 
solution of gold chloride. The orange-coloured precipitate 
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of hydrate of gold, AuOaH 3 , Is dehydrated by drying at 
about 100°. At about 110° oxygen is given off, and at 160° 
the daik chestnut auio-auric oxide AuO is piodueed, soluble 
in hydrochloric acid. Aurous oxide , Au 2 0, is produced by 
the action of potash on AuBr. It is a violet-coloured 
powder, soluble in cold water and in alkalies, and decom- 
posed by hydrochloric acid. It breaks down into gold and 
oxygen at about 250°. Nevertheless, at 450° gold absorbs 
and retains from 0 24 to 0*36 per cent, of its weight of 
oxygen, an amount which corresponds to from 6 to 9 per 
cent, of Au 2 0. In cupellation (q.v.) it is possible that some 
aurous oxide is produced and absorbed as such by the cupel. 

Auric oxide dissolves in hydrochloric acid, forming 
HAuG 1 4 , and it is also soluble in sulphuric and nitric acids. 
On dilution, hydrated auric oxide is reprecipitated, but by 
cooling the solution in nitric acid by means of a freezing 
mixture a nit? ate of gold , Au(N0 3 )3-HN0a 3H 2 0 may be 
crystallised out. Schottlander also obtained sulphate of 
gold from the nitrate. When metallic gold dissolves in 
nitric acid the nitrate is probably directly produced. 
Several crystallisable double nitrates have also been pre- 
pared. 

Auric oxide also dissolves m alkahes, forming auiates , 
whence auric oxide is sometimes called auric acid. 
Potassium* aurate, KAu0 2 .3H 2 0, has been obtained m 
yellow crystals, and from its aqueous solutions various 
insol ble aurates have been obtained by precipitation with 
metallic salts. The aurates aie readily reduced by heat, 
or by organic compounds with the production of metallic 
gold. 

When a solution of gold chloride is precipitated by 
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ammonia, fulminating gold is produced, but this is perhaps 
better regarded as an amine than an aurate. Raschig 
states that if prepared m this way it is a mixture of 
auric diamine, (AuN.NH 3 )2*BH 2 0, with auric imidochlonde, 
NH.AuCL It is also produced by the action of ammonia 
on moist aunc oxide. It is of a yellow colour, is soluble in 
potassium cyanide and in hydrochloric acid, and detonates 
when struck or heated to 143°. Sometimes it explodes 
spontaneously at ordinary temperatures. The products of 
its decomposition are gold, ammonia, nitrogen and water. 
Other fulminates are obtained by the action of ammonia 
on aurous oxide, Au 2 0. 

The aurates also give rise to double sulphite^ of gpld and 
the alkalies (or anrosulphites), when alkaline aurates are 
acted on by means of alkaline sulphites. The ammonium, 
sodium, potassium, and barium salts are known. 

Thiosidphate of gold and sodium, Au 2 S 203 . 3 Na 2 S 2 0 3 4H 2 0, 
crystallises m fine colourless needles, readily soluble m 
water. Ita solutions are sweet to the taste. It is pre- 
pared by adding neutral chloride of gold to thiosulphate 
of soda, and precipitating the salt with alcohol, m which 
it is very slightly soluble. It was formerly uifed, under 
the name “ Sel de Fordos et Gelis,” for intensifying the 
images of daguerreotype pictures, gold being deposited 
on the silver amalgam. The salt still plays ar* important 
part m photography in “ toning ” silver prints, as it exists 
in combined toning and fixing baths. The solution of the 
salt exhibits neither the characteristic reactions of gold nor 
those of thiosulphates. Neither ferrous sulphate, stannous 
chloride nor oxalic acid precipitates gold from thiosulphate 
solutions, and sulphuric or hydrochloric acid does not at 
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once precipitate sulphur or disengage sulphurous acid. 
On heating for some time with these acids, or on passing 
sulphuretted hydiogen through the solution it yields 
sulphide of gold. 

Silicates of gold are prepared by fusion of an aurate or of 
gold chloride mixed with an oxidiser, such as antimony 
oxide or nitre, with a large excess of a glass rich in silica. 
The result is a clear yellow glass containing about 0*2 per 
cent of gold. 

Sulphides of Gold. 

Two sulphides are known, Au 2 S and AuS, corresponding 
to the lower oxides, and a number of double sulphides or 
thio-salts corresponding to the aurates have also been pre- 
pared. When H 2 S is passed into a cold solution of AuClg a 
black piecipitate of AuS mixed with sulphur is obtained, the 
action being partly represented by the following equation : — 

8AuC 1 3 + 9H 2 S + 4H 2 0 = 8AuS + 24HC1 + H 2 S0 4 . 

If the solution is heated variable mixtures of sulphur, 
metallic gold and gold sulphides aie obtained. Sulphide 
of gold begins to decompose at 140°, and loses all its sul- 
phur at about 270°. It is unattacked by mmeial acids 
except aqua regia, but is soluble in alkaline sulphides, form- 
ing thio-salts which are decomposed by mineial acids. 

Gold sefemde and gold telhnide are similarly obtained by 
precipitation from a solution of AuGlg by means of H 2 Se 
and H 2 Te. 

Phosphide of gold is a grey, readily fusible substance 
formed by gently heating gold m phosphoius vapour or by 
passing phosphoretted hydrogen into a solution of gold 
chloride. It burns when heated in air to about 115°. 

d 2 
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Aisenide oj gold is a similar grey, brittle body obtained by 
beating together gold and arsenic or by acting on gold with 
the vapour of arsenic. On being heated in air most of the 
arsenic is expelled. On grinding arsenide of gold with 
mercury, the gold is amalgamated and the arsenic expelled, 
but the mercury and amalgam become subdivided into a 
number of little globules coated with a greyish powder, and 
it is difficult to collect them again. 

Antimonide of gold is similar. See also pp. 50 and 51. 



CHAPTEE IY 


THE ALLOYS OF GOLD 

’Gold and Silver. 

Gold and silver unite in all proportions when melted 
together, forming homogeneous alloys On solidification 
no separation of the constituents takes place, and the 
microscopic structure resembles that of pure gold or pure 
silver. If the mixture is kept melted for some time without 
stirring, a partial separation of the two metals takes place 
under the action of giavity, gold settling to the bottom. 

The colour of gold becomes paler when small quantities 
of silver are added to it, and is white with a scarcely 
perceptible tinge of yellow when 50 per cent, of silver is 
present. Alloys containing more than 60 per cent, of silver 
are silver-white. Gold containing small quantities of silver 
(10 to 20 per cent.) are stated by some observers to be of a 
green cdour (“green gold ”) 

The melting point of alloys containing less than 5 per 
cent of silver is the same as that of pure gold, and further 
moderate* additions of silver lower the meltmg point only 
slightly. The alloy containing 85 per cent, of silver melts at 
1,061°, or only three degrees below the meltmg point of gold. 
As the percentage of silver increases the meltmg point falls 
more rapidly, but if there is only a trace of gold in silver, 
its melting point is still above that of pure silver, 1 see Eig 8. 
1 Boberts-Austen and Bose, Proc Boy Soc , Vol LXXI (1903), p 161 
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All the alloys are soft, malleable and ductile, being 
intermediate in these properties between pure gold and puie 
silver. The densities of the alloys are also intermediate 
between those of the metals, and show no marked expansion 
or contraction due to the mixing of the metals, although 
Hoitsema 1 found evidence of slight contraction of about 



Eig 3 —Curve showing Eieezmg Points of the Alloys of 
Gold and Silver. 


0*4 per cent in some of the alloys. At 15° the densities of 
unworked cast alloys are as shown m the table on 9. 39. 

The electric conductivity of alloys of gold and silver was 
found by Matthiessen 2 to be below that of either gold or 
silver. The electric conductivity of silver being, taken at 
100, that of gold is 78, and that of the 50 per cent, alloy 
only 15. 

There is no chemical compound of gold and silver known 
to be formed, but they appear to form isomorphous mixtures, 

1 Zeitschnft fur An organ Cftem , Yol XLT (1904), p 66. 

2 Chem , Boc Jour , Yol IY (1867), p 201 
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the crystalline structure of all the alloys being precisely 
similar. 

The behaviour of these alloys when treated with nitric or 
sulphuric acid is of interest, as upon it are based the usual 
methods of refining gold. Alloys containing at least 60 per 
cent, of silver are completely “ parted ” by boiling in nitric 
acid, the silver being dissolved and the gold left behind in 
a brown porous state. The gold obstinately retains about 


Table of Densities of the Alloys of Gold and Silver. 


Gold. 

100 per cent. 
91-6 „ 

79-8 „ 

78-4 „ 

75-0 „ 

66-7 „ 

50-0 „ 

33 3 „ 

25-0 „ 

16-7 „ 


Density. 

19-31 

18-04 

17-54 

16-35 

16-03 

15-07 

13-60 

12-38 

11-78 

11-28 

10-47 


0-1 per cent, of its weight m silver, and if boiling is 
continued m strong acid, gold dissolves whilst the amount 
of silver is not appreciably reduced. If the alloy ongmally 
contains less than 60 per cent, of silver, the parting is not 
complete, but the alloy of gold 1 to silver 1-25, containing 
55 5 per cent, of silver, yields gold containing only 0 3 per 
cent, of silver. With equal paits of gold and silver, 
however, nitric acid leaves half the silver m the gold, and 
with smaller proportions of silver the acid has less and less 
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effect. Copper or other base metals can replace silver 
without materially affecting the results. 

Alloys of gold and silver containing over 50 per cent, of 
gold are difficult to dissolve in acid, and should be melted 
with more silver if it is required to part them. Nitric acid 
has little effect on them, and nitro-hydrochlonc acid, which 
dissolves the gold, converts the silver into insoluble chloride, 
which protects the alloy from further attack. The alternate 
action of nitro-hydrochloric acid and ammonia eventually 
results in the dissolution of all the gold, but the method is 
a tedious one. A mixture of aqua regia and common salt is 
also sometimes used in the dissolution of these alloys, the 
silver chloride being dissolved by the salt, i^rge volume 
of liquid must be used, as only 0 127 gram AgCTdan be held 
in solution by 100 c.c. of a saturated solution of common salt. 

Alloys of gold and silver have been used from very early 
times in jewellery and for coins. Phidon, King of Argos, 
struck coins of electrum in iEgina about the year 720 b.o. 
Electrum includes pale coloured alloys, containing from 
15 to 85 per cent, of silver. A little later pure gold and 
electrum were being coined side by side m Lydia, with 
different money values, the electrum being taken as worth 
25 per cent, less than pure gold. 1 The addition of copper 
to harden both gold and electrum was made in Roman 
coins some time before the Christian era. 

o 

Gold and Copper . 3 

These metals are miscible in all proportions when molten, 
and on solidification, separate only to a slight degree. The 

1 Lenormant, “La Monnaie dans 1’ Antiquity,” Vol. I , p 194 

2 Boberts-Austen and Bose, Proc, Roy Soc , Vol. LXYIL (1900), 
p. 105. 



THE ALLOYS OE GOLD 


41 


first additions of copper to gold cause a rapid loweiing of the 
melting point. Standard gold, containing gold 91*6 per cent., 
copper 8 8 per cent., solidifies at 951°, or 10S° below the 
melting point of pure gold, and gold of the French standard 
coinage alloy containing 90 per cent, of gold, solidifies at 
946°. The alloy containing 82 per cent, of gold and 18 per 
cent, of copper has the lowest melting point, viz., 905°, and 
this alloy may be a true eutectic. The melting point curve 
rises continuously with the increase of copper from the 
eutectic alloy to pure copper, which melts at 1,088° The 
densities of the alloys aie as follows 1 — 


Gold 

Density 

100 per cent. 

. 19 31 

91 7 „ 

. 17 35 

90 0 

. 17-17 

83 3 „ 

. 15 86 

75 0 , 

. 14 74 

58 3 „ 

12-69 

25-0 „ 

. 10-03 

0 „ . . 

87 


These densities refer, however, to cast specimens. When 
hardened by rolling or hammering the densities of the 
alloys become greater. Thus the usual density of an 
English sovereign (containing 91*66 per cent, of gold) is 
about 17 48, but these coins for the most part contain 
a small and variable percentage of silver. From the 
densities it is evident that gold and copper contract 
slightly (from 0*5 to 1*0 per cent.) on being alloyed. 

1 Eoberts- Austen, Ann Ckim. Pliys , [5] XIII (1818), p 118, 
Hoitsema, Zeit An Ghem Yol. XLI (1904), p 65. 
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The colour of gold becomes redder when copper is added 
to it, and if silver is added at the same time, the two metals 
counteract the effect of each other, so that triple alloys can be 
formed having a colour closely resembling that of pure gold. 
The electric conductivity of alloys of gold and copper is 
less than that of either gold or copper, 1 and is even less 
than that of the silver-gold alloys (see above). The chemical 
compound of gold and copper is known to exist, and the 
alloys in general show no marked change in properties 
when the proportions of the metals are slightly varied. 

Copper hardens gold and decreases its malleability, these 
effects continually increasing until the eutecti| alloy is 
reached. This alloy (containing 18 per cent, of copper) 
is distinctly brittle, breaking under the hammer with a 
conchoidal fracture, and showing an elongation befoie 
rupture of 8*8 per cent, that of pure gold being 80 8 per 
cent., and that of pure gold alloyed with 0*24 per cent, of 
lead being 4*9 per cent. The tensile strength of pure gold 
is 7 tons per square inch, that of standard gold (containing 
8*8 per cent, of copper) 16 tons, and that of the eutectic 
alloy 7*87 tons per square inch. 

According to Kurnakoff and Schemtchuschny 2 the two 
metals are isomorphous, and form a continuous seiies of 
mixed crystals. In Fig. 4, which gives the results of their 
work, the curve of electric conductivity of the alleys is shown 
m the line PQE The line ALMLJB is the liquidus 
curve connecting the points at which solidification begins, 
and ASMSiB is the solidus curve, denoting the completion 
of solidification. The minimum M, corresponding to the 

1 Mattkiessen, Ghem , Soc, Jour , Yol. 1Y (1867), p 201 

2 Jour Puss Phys , Chem. Soc , Yol XXXIX (1907), p 211. 
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alloy containing about 40 5 atoms per cent, of copper, is 
coincident with the eutectic observed by Eoberts-Austen 
and Eose. At this point the two curves meet, and there 
is no pasty stage. When copper is in excess, that is, when 



Percentage of Gold in Atoms 

Pig 4^ — Curves showing Fieezmg Points and Electnc 
Conductivity of the Alloys of Grold and Copper 

more than 18 per cent, by weight or 40 5 atoms per cent, 
of copper is present, the part first solidified is rich in copper, 
forming crystallites, which are daikened by a mixture of 
chloride of iron and hydrochlouc acid. The peripheral 
layers of the crystallites and the matrix are licher m gold 
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and remain unattacked : see Pig. 5, which is a photo- 
micrograph, after Kurnakoff, of the alloy containing 
25 per cent, gold magnified 90 diameters. 

The gold-copper alloys are used extensively for coinage 
and jewellery, pure gold and the gold-silver alloys being 
too soft, so that they soon become defaced by wear. In 
jewellery some silver is usually added to the copper and 

gold (see Chapter XYI.). 
When alloys of gold and 
copper are heated in the 
air they blacken from 
the foimation of oxide 
of copper, but the black 
scale can be removed by 
dissolving in hot dilute 
sulphuric acid. 

Gold and Mercury. 

These alloys are 
known as amalgams , and 
are formed, although 
with difficulty, by the direct union of the two metals 
at the ordinary temperature. According to Kasentsof, 1 
mercury dissolves 0’11 per cent, of gold at 0°, 0 126 per 
cent, at 20° and 0*65 per cent, at 100°. The nfixtuies con- 
taining less than these quantities of gold are the alloys, liquid 
at ordinary temperatures, silver-white like mercury, and 
passing through cloth or other filtering material unchanged. 

On the other hand, gold will absoib about six times its 
1 Bull Soc Ghem , [2] Yol XXY , p. 20 
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weight of mercury, foiming a silver-white solid alloy. If 
this solid amalgam, which contains about 13 5 per cent, of 
gold, is mixed with more mercuiy, the lesult is not a 
homogeneous body, but a saturated solution of gold in 
mercury, in which solid particles of gold amalgam are 
suspended. These solid pai tides are heavier than mercury 
and settle to the bottom. They can be separated from 
mercury by filtration under pressure, but usually retain a 
small excess of mercury. 

The amalgams recovered in gold-mills, m which ores are 
treated by the amalgamation process, are not true alloys 
Before straining they consist of mercury containing a 
number of little “ nuggets ” of gold into which mercury 
has penetrated to some extent. On straining, these nuggets 
coated with mercury are separated, and the gold miner’s 
amalgam is consequently of variable composition, generally 
containing fiom 25 to 50 per cent, of gold, the percentage 
of gold being highest when the average size of the gold 
particles is greatest. 

When mercury is applied to the clean surface of a piece 
of solid gold, it “ wets ” it and at once penetrates through 
it, passing between the crystalline faces, making it brittle 
and of silver-white colour. A gold com or ring is imme- 
diately whitened by mercury, and can be broken m the 
fingers, th« fractured surfaces (crystalline faces) being as 
white as the outside. The amount of mercury so taken up 
is, however, small, and most of it can be removed by careful 
heating below a red heat, when the mercury volatilises and, 
unless air is excluded, the com blackens. 

At 440°, or about 150° below red heat, a large part of the 
mercury is removed from amalgam by distillation, and a 
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mixture containing about 75 per cent, of gold remains. At 
a bright red heat almost all the remainder of the mercury 
is expelled, but about 0 1 per cent, is retained and cannot 
be driven off below the melting point of gold. 

Amalgams are all attacked by hot nitric acid, the 
mercury being dissolved and the gold left as a spongy 
mass. If the action of the acid is kept very slow by dilution 
and cooling, the gold is left behind, nearly pure, in the 
form of crystalline needles. 

No evidence has been adduced of the existence of any 
true compounds of gold and mercury. 

Gold and Zinc. 

The alloys containing less than 14 per cent, of zinc are 
pale yellow and of about the same hardness as gold. They 
increase gradually in brittleness with the increase in per- 
centage of zinc. The first additions of zinc lapidly reduce 
the melting point and give rise to a long pasty stage 
during solidification, so that gold containing one or two per 
cent of zmc can be readily welded. The alloy, gold 85*6, 
zinc 14*4 (approximately corresponding to the foimula 
Au 2 Zn, that is, containing gold 66 6 atoms, Zn 33 4 atoms, 
see Tig. 6), is a eutectic, solidifying at 648°. As zmc increases 
from 14 to 25 per cent (33*4 to 50 atoms per cent.), the 
colour of the alloy giadually changes from pale # yellow to a 
beautiful reddish-lilac tint, and the melting point rises from 
648° to a maximum of about 750°. This is the melting 
point of a distinct compound, AuZn, containing 25 per cent, 
of zinc. It forms lustrous crystals and is brittle. With 
further additions of zinc the lilac colour fades, the alloys 
containing from 25 to 30 per cent, of zmc, qo.ii siting of 



THE ALLOYS OF GOLD 


47 


lilac polygonal crystals of AuZn set m a white matrix. 
The compound AuZn 2 , containing 89*8 per cent of zinc 
(66 6 atoms per cent.) is a hard, white, homogeneous alloy, 
and will scratch steel, but is as brittle as glass and bieaks 
with a conchoidal fracture, which has a brilliant lustre It 
solidifies at 650°. According to Vogel 1 this compound is 



Fig 6 — Freezing Point of the Alloys of Gold and Zmc 


Au 3 Zn 5 and contains 35 5 per cent, of zmc. The alloys con- 
taining mone than 40 per cent, of zinc (67 atoms per cent.) 
become less brittle and less lustrous as the proportion of 
zinc increases. They are not homogeneous, and present a 
dull bluish-white appearance resembling zinc. The com- 
pound AuZn 8 , containing 72*6 per cent of zmc (88*9 atoms 
per cent.), makes its appearance in these alloys. It is a 
1 Zeit Anorcj Chem , Yol XL VIII (1906), p 319 
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hard white substance solidifying with surfusion at about 
470° (along the line NY, Fig. 6), and probably occurs in the 
zme crusts which are foimecl in Paike’s process. The 
alloys containing moie than 72 per cent of zinc melt at 
tempeiatures between 419° and 470° (see Fig. 6). 

All the alloys of gold and zinc are brittle, but those con- 
taining from 30 to 80 per cent, of gold (13 to 58 atoms per 
cent.) aie more buttle than the others The alloys poor in 
gold are best prepared by adding solid gold to molten zinc 
below a red heat. The gold is taken up by the zinc quietly. 
In piepanng the alloys containing over 50 per c«t. of gold 
which solidify above a led heat, the metals ignite with 
momentary incandescence, and a small part of the zinc is 
volatilised and lost. On heating these alloys to about 1,000° 
the zinc can be boiled off foi the most pait. 


Gold and Cadmium. 

These alloys piesent a general resemblance to the alloys 
of gold and zinc. Heycock and Neville, 1 by distilling off 
the excess of cadmium from an alloy of the two metals, 
obtained residues which corresponded approximately in 
composition with the formula AuCd, but Vogel 2 believes 
that the compound is Au 4 Cd 8 , containing 30 per cent, of 
cadmium. The compound is greyish or silver-white, some- 
what like cadmium, and is very brittle. It solidifies at 
623° Another compound, AuCdg, containing 63 per cent, 
of cadmium, melts at 493° and is "extremely hard and 
brittle. There is a eutectic alloy containing 87 per cent. 

1 Chem Soc Jour, Yol LXI (1892), p 914 

2 Zeit. Anorg, Chem , Yol XL ' VIII (1906), p 333 
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of cadmium, and freezing at 303°, the melting point of 
cadmium being 320°. The alloy containing 31 5 per cent, 
gold and 68 5 per cent, cadmium, etched with concentrated 
nitiic acid, is shown under a magnification of 25 diam eters 
in Pig. 7. It consists of white crystallites of AuCd 3 set m a 
black eutectic mixture. The photomicrograph is after Vogel. 

The hardness of this seiies attains to a maximum m the 




alloys containing 18 to 
30 per cent, and 51 to 
68 per cent, of cadmium 
respectively. The re- 
maining alloys have 
about the same degree 
of hardness as the 
metals themselves. The 
metals when melted 
together unite with in- 
candescence to form the 
alloys, some of the 

cadmium being volati- ^ 

. Fig i — Gold, 31 o per cent ; 

lised and oxidised. Cadmium, 68 5 per cent x 25. 

Like the alloys of 

gold and copper and of gold and zinc, these alloys can be 
“ parted” by nitric acid and are completely dissolved by 
aqua regia. JThe zmc-gold and cadmium-gold alloys are 
also readily parted by dilute sulphuric acid. 


Gold and Tin. 

Three definite compounds of gold and tm have been 
found to exist. 1 They are AuSn, containing 62*4 per cent. 
1 B Yogel, Zeit Anotg. Chem ,, Yol XLYI. (1905), p 60 
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of gold, AuSn 2 , containing 45'5 per cent, of gold, and Au&n 4 , 
cont aini ng 29 4 per cent, of gold. AuSn is a metallic silver- 
<*rey alloy, harder and inoie brittle than the other alloys, 
and having a higher electrical conductivity than other 
gold-tin alloys except those containing over 95 per cent, ot 
gold. AuSn 2 is also silver-grey, but consists of large crystals, 
which are often 10 millimetres long. AuSn 4 is coloured 
gold-brown by nitiie acid, while AuSn 2 is unchanged. 
AuSn is as resistant as pure gold to the action of acids. 

The curve of fusion falls sharply from the melting point 
of gold to a eutectic point at 280° and 20 per cent, of tin. 

It then uses less rapidly to a maximum at 4J.8 0 , the melting 
point of AuSn, and again falls to a second eutectic point at 
217° and 90 per cent, of tm, finally rising to the melting 
point of tin, 226°. 

When alloys of gold and tin are treated with aqua regia 
the colour of purple of Cassius is seen, and when a gold-tm 
alloy is heated in an electric arc furnace and the metallic 
vapours allowed to escape into the air, the tm burns and a 
substance is obtained having the properties of the puiple 
of Cassius and containing tm oxide, calcium oxide and 
gold 1 The residual ingot of gold and tin in the furnace is 
licher in gold than the original alloy. The alloy containing 
8 per cent, of tin is brittle and has a pale whitish-yellow 
colour externally, with a yellowish-giey earthy fracture. 
Gold containing only 1 or 2 per cent, of tin is, however, 
perfectly ductile. 

Gold and Antimony. 

About 1 per cent, of antimony makes gold brittle when 
it is not annealed, and none of the alloys are malleable. 

1 H. Moissan, Comptea Rendua, Yol. 0XLI. (1905), p. 977. 
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One definite compound, AuSb 2 , exists, containing 45 per 
cent, of gold. 1 This substance is of the same colour as 
antimony and is extremely brittle and harder than its 
components. It melts at 460°. The lowest freezing point 
of the series of alloys is at 360°, corresponding to a 
eutectic which contains 76 per cent, of gold. A small 
quantity of antimony greatly reduces the melting point of 
gold and gives rise to a long pasty stage Hatchett showed 
that molten gold absorbs the vapours of antimony and is 
made brittle thereby. All the alloys aie formed with con- 
traction. They are not easily attacked except by aqua 
regia. According to Cosmo Newbery, when they are finely 
powdered and triturated with mercury they are slowly 
decomposed, yielding gold-amalgam and black metallic 
antimony. 

Gold and Aksenic. 

These alloys have been little studied, but appear to 
resemble the antimony alloys. They are easily fusible, 
brittle, pale yellow or grey alloys. Owing to the volatility 
of arsenic they are not readily formed above a dull red 
heat. See also p. 36. 

Gold and Bismuth. 

Bismuth alloys with gold, forming pale yellow or greyish 
alloys which are readily fusible and are all very brittle, 
although hone are hard. Of all metals bismuth has the 
greatest effect in decreasing the ductility of gold. Even 
0*25 part of bismuth in 1,000 parts of fine gold is enough 
to make the metal fragile, 2 so that it breaks under the 
hammer. This is due to the fact that bismuth is not 

1 E Vogel, Zeit. Anorg Chem , Vol L. (1906), p 151 

2 3 '3rd Annual Report of the Mint, 1902, p. 72. 
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dissolved by gold, and no definite compound of gold and 
bismuth exists. The freezing-point curve of the series of 
alloys consists of two straight branches which meet in a 
eutectic point at 240 0 . 1 The eutectic mixture contains 82 
per cent of bismuth. Molten gold absorbs the vapours 
of bismuth and becomes brittle. All the alloys have a 
strong tendency to segregate. Small quantities of bismuth 
do not lower the melting point of gold rapidly as m the 
cases of antimony and cadmium, but when the bismuth 
exceeds about 5 per cent, there is a long pasty stage 
terminating at 240°. 


Gold and Lead. 

These alloys are readily fusible, and very brittle, ranging 
in colour from pale yellow by yellowish-gLey to bluish- 
white. About 0*15 per cent, of lead makes pure gold some- 
what brittle. There are two definite compounds of gold 
and lead, AuPb 2 and Au 2 Pb, containing 82 and 65*5 per 
cent, of gold respectively. 2 The former forms long white 
needle-shaped crystals, which are readily distinguished 
under the microscope from the large well-shaped crystals of 
Au 2 Pb. 

Large white crystals of Au 2 Pb set in the eutectic are 
shown in Pig. 8, which is a photomicrograph after Yogel of 
the alloy containing 70 per cent, of gold, slowly* cooled and 
magnified 70 diameters. 

There are three eutectic alloys, containing mixtures 
of lead and AuPb 2 , AuPb 2 and Au 2 Pb, and Au 2 Pb and 
gold respectively. The first of these (D, Fig 9) has the 

1 R Yogel, Zeit Anorg Chem , Yol. L. (1906), p. 145 
a R. Yogel, Zeit Anorg Chem , Yol. XLY. (1905), p. 11. 
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composition gold 14*8 per cent., lead 85*2 per cent., and 
solidifies at 215° or 111 0 below the melting point of lead. 
The second (C, Pig. 9) solidifies at 254° and the third 
(B, Pig. 9) at 418°. All the alloys containing no more than 
70 per cent, of gold solidify below a red heat. The freez- 
ing-point curve is shown in Fig. 9, which is after Vogel. 

Lead is separated from gold by solution in nitiie acid, 
but is still more readily 
removable by exposure 
of the molten alloys to 
a current of air at a 
red heat (cupellation, 
q.v.). Under these 
conditions the lead is 
oxidised, and the 
litharge, PbO, so formed 
can be removed by 
absorption by a porous 
substance, such as 
bone-ash or compacted 
magnesia, or may be 
allowed to flow away 
in shallow channels in the furnace bed, the molten metal 
being held together by its higher surface tension. Almost 
the last traces of lead are removable in this way, although 
it is oxidised only when at the surface of the molten gold. 
Moreover, the molten litharge dissolves and carries away 
the oxides of other metals which are not readily fusible 
alone, and consequently a convenient method of removing 
base metals from gold is to melt it with lead and subject the 
whole to cupellation. The method is used m refining and 



Fig- 8 — Gold, 70 per cent ; Lead, 
.30 per cent, x 70. 
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in assaying Silver, platinum and other metals remain 
with the gold, and from this cause, as already stated, silver 



Fig 9 — Fieezmg Points of Alloys of Gtald and Lead 

and gold were known as “ noble metals,” because they would 
resist the fire, whilst the “ base metals ” were destroyed as 
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such. The art of eupellation is of great antiquity, and was 
known to the ancient Hebrews. 

Gold and Iron. 

Gold and iron unite without much difficulty and in all 
proportions, forming alloys which are hard but malleable 
and ductile, so long as the proportion of iron does not exceed 
80 per cent. The only difficulty encountered in preparing 
the alloys is caused by the high temperature at which iron 
melts, but it is gradually taken up by molten gold at a 
temperature of 1,100° to 1,200°. If cast iron is used, melt- 
ing at about 1,130°, this difficulty disappears. The freezing- 
point curve of gold and iron has been determined by Isaac 
and Tammann. 1 It is shown in Fig. 10. The first 
additions of iron to gold cause a fall m the melting 
point, the lowest point reached bemg 1,040°, when 5 per 
cent, of iron is present. With a further increase in the 
proportion of iron the melting point rises again and reaches 
1,168°, when 26 per cent, of iron is present. This tempera- 
ture marks the completion of solidification of all mixtures 
containing between 26 and 74 per cent, of gold. The gold 
does not affect the temperatures of the critical points 
(changes in allotropic form) of iron. 

The alloys containing 8 to 10 per cent, of iron are pale 
yellow, very ductile and susceptible of receiving a high 
polish. Alloys containing between 15 and 20 per cent, 
of iron are used in jewellery in France under the name 
orgris. They are greyish-yellow and very hard, but are 
easily worked. The alloy with 25 per cent, of iron is also 
employed by jewellers under the name or bleu . Those 

1 Zeit Anorg Ghem , Yol. LIH (1907), p 291 
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containing from 75 to 80 per cent, of iron are silver- white, 
extremely hard, and are attracted by the magnet. The gold 





Percentage weight of Go/a 

Fig 10.— Freezing Points of Alloys of Gold and Iron 

and iron in these alloys are not easily separated by cupella- 
tion, but they are readily soluble in aqua regia. If the per- 
centage of iron is not too small it is readily removed by 
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dissolution in hot dilute sulphuric acid, or less conveniently 
by bydiochloric acid 01 nitnc acid. The alloys of gold and 
iron are formed with expansion. 


Gold and Nickel. 

Small quantities of nickel alloyed with gold produce 
pale yellow, hard, 
veryduetile alloys, 
which are magnetic 
and take a good polish. 

Hatchett 1 found that 
8 per cent, of nickel 
made gold brittle with 
a coarse-grained earthy 
fracture. The two 
metals form a eutectic, 2 
which contains about 
22 per cent, of nickel 
and melts at 950°. The 
freezing-point curve of 
the alloys is shown in Percentage wetght of Nickel 

Fig 11, which IS after u — Freezing points of Alloys of 

Levin. Gold and Nickel 



Gold and Cobalt. 

Cobalt has a far greater effect than nickel in making gold 
brittle. According to Hatchett, standard gold becomes 
brittle if only one-eightieth part of cobalt is melted with it. 

1 PM Trans , 1803, p 43 

3 Levin, Zeit 'Anorg Chem , Yol, XLY (1905), p, 238, 




58 


THE PRECIOUS METALS 


Gold and Manganese. 

These alloys are very haid and melt at a higher tempera- 
ture than gold. The alloy containing about 12 per cent, of 
manganese is of a pale greyish-yellow colour with a lustre 
like that of polished steel. It is somewhat malleable, and 
shows a coarse-grained fracture. The manganese can be 
removed by cupellation with lead. The alloy containing 
67 per cent, of manganese is grey, hard, very slightly ductile, 
and has a coarsely granulated fracture. The alloy of gold 
10 per cent., manganese 90 per cent., is pale grey in colour, 
and is very ductile with a fine-grained fracture. 

Gold and Platinum. 

These metals are not known to form any definite com- 
pounds, but can be alloyed in all proportions. The first 
additions of platinum at once raise the melting point of the 
alloy above that of gold, and the alloys formed are malleable 
and ductile. When the proportion of platinum exceeds 50 
per cent, the alloys are brittle and greyish in colour. 

A thermal study of the alloys containing up to 60 per 
cent, platinum has been made by Doerinckel 1 with the 
results shown in Fig 12. The curve ABC marks the 
beginning and the curve ADC the end of solidification. 
The two metals appear to form a continuous series of mixed 
crystals. When examined under high powers of the micro- 
scope the alloys are seen to consist of crystals of which the 
cores, richer m platinum than the edges, appear in relief. 
By annealing at the temperatures indicated by the curve 
ADC, the alloys become completely homogeneous. 

1 Zeit Anorg Chem , Yol LIY (1901), p 345 
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The yellow colour of gold disappears rapidly on the 
addition of platinum, and only a slight yellow colour 
remains when 80 per cent, of platinum is present. If the 
platinum is above 40 per cent, the colour is that of 
platinum. The alloy of gold 10, platinum 90, has a 



and Platinum 

brilliant white crystalline structure, and the alloy gold 25, 
platinum 75, is hard and brittle, resembling grey cast iron. 
(E. Matthey). 

E. Matthey has shown 1 that the alloys containing from 
5 to 20 per cent, of platinum are not uniform in composition, 

1 PM Trans , Yol CLXXXIIIa. (1892), p 629. 
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the platinum moving towards the centre of the ingot on 
solidification. These alloys cannot be separated into their 
constituents by cupellation and paiting m acid in the 
ordinary way. They are not attacked by single acids, but 
are dissolved by aqua regia. 

Gold and Palladium, Rhodium, Iridium, etc. 

These alloys have been very little studied. The gold- 
palladium alloys form a continuous senes of mixed crystals 
(see Fig. 13, which gives the curves of fusibility after Ruer). 
Gold containing from 10 to 20 per cent, of palladium is 
nearly white and is hard but ductile. The alloy of gold 
50 per cent., palladium 50 per cent., is said to be iron-grey 
m colour and deficient in ductility. 

Gold forms difficultly fusible but ductile alloys with 
osmium and rhodium. It is doubtful whether any real 
alloy with iridium is formed. When gold containing 
iridium is melted, the iridium sinks to the bottom. On 
treatment with aqua regia the gold is dissolved and the 
iridium left in the form of a black powder which is mainly 
if not entirely oxide of iridium. 

Gold and Aluminium. 

These metals form at least two definite compounds. One 
of them, Au a Al, containing 6*4 per cent, of aluminium, is a 
hard white substance melting at 622 0 . 1 The eutectic alloy 
between this compound and pure gold contains only 4 per 
cent, of aluminium but melts at 525°, over 500° below the 
melting point of pure gold. The other compound, AuA1 2 , 

J PUl Trans , Yoh CXCIYa, (1900), p 201. 
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containing 21 ‘5 per cent, of aluminium, solidifies at a 
higher temperatuie than the melting point of pure gold 
itself 1 This compound is of a beautiful puiple colour 
•which resembles but is deeper in tint than the compound 



Fig 13 — Freezing Points of Alloys of Gold and Palladium. 
AuZn. It is formed whenever gold and aluminium are 
fused together, provided that at least 10 per cent, of 
al uminium is present. The purple compound is readily 
seen m any of these alloys, occurring in patches in a white 
1 Pi oc Boy. Soc , Yol. L. (1892), p. 367. 
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matrix consisting of the excess of aluminium or of the 
white compound of aluminium. There is little evidence of 
the existence of any other compounds of gold and aluminium 
except these two. 

Gold and Tellukium . 1 

The curve of fusibility is shown m Fig. 14. A compound, 
AuTe 2 , containing 43'6 pei cent, of gold exists, freezing at 
452°. This corresponds m composition to the mineral 
species 1 sylvanite and calaverite. There are two eutectics, 
one containing 60 per cent, of gold and fusing at 432°, and 
the other containing 20 per cent, of gold and lining at 397°. 
The presence of 0 05 per cent, of tellurium is enough to 
cause the formation of a small quantity of the gold-rich 
eutectic, and gold containing this amount of tellurium is 
accordingly deficient in ductility. When more tellurium is 
present, the alloys are very brittle. 

The alloys rich m gold consist of crystals of gold set in 
the greyish-white eutectic. Gold containing 2 - 4 per cent, 
of tellurium is of a pale brass-yellow colour, but even when 
40 per cent, of tellurium is present, a faint yellowish tinge 
is still perceptible, which disappears before the pure com- 
pound AuTe 2 is reached. The behaviour of tellundes of 
gold on roasting is partly explained by the remarkably low 
temperatures of fusion of these alloys, all mixtures con- 
taining less than 60 per cent, of gold being completely fused 
before a red heat is reached. The production of spherical 
globules of gold must therefore accompany the roasting 
of gold ores containing tellurides, however carefully the 
operation may be carried out. These globules will not be 
free from tellurium. 

1 T K Rose, Trans Inst. ofMng. and Met , Yol. XYII (1908), p 285. 
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Gold and Thallium. 1 

These metals form neither compounds nor homogeneous 
solid solutions There is a eutectic alloy containing 27 per 
cent, of gold and melting at 181°. This eutectic occurs in 



Fig. 14 — Freezing Points of Mixtures of Gold and Tellurium. 

all the alloys, so that the addition of a small amount of 
thallium to gold gives rise to a long pasty stage, terminating 
at 131°. The alloys are all brittle. 

1 Leviu, Zeit Anoig Chem Vol. XLY (1905), p. 31 
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THE OCCURRENCE OP GOLD IN NATURE : GOLD ORES 

Gold generally occurs in Nature in the metallic state 
alloyed with a varying proportion of silver and smaller 
quantities of copper and other metals. Native gold is never 
found pure, but sometimes contains less than f per cent 
of impurities. According to Furman, 1 the finest native 
gold which has been met with is that from the Pike’s Peak 
mine, at Cripple Creek, Coloiado, which contained 99’9 per 
cent, of pure gold. 

Gold occurs m the form of nuggets, grains and “ dust ” 
m many river gravels. In this form it was known to the 
ancients, and, as already pointed out, was probably the 
earliest metal known to man, although it is unlikely that 
any use was made of it until long after its first discovery. 
In some gravels masses of gold of considerable size occur. 
The largest piece recorded was the “ Welcome ” nugget 
which was found in Victoria. It weighed 2,195 oz., and 
yielded gold to the value of £8,376 10s. 6 cl Large nuggets 

have also been found m other parts of Australia, in Russia, 
and in California. Auriferous deposits consisting of sands 
and gravels formed by the erosion of older rocks are known 
as placer deposits or placers. The gold in these deposits 
is rounded by attrition, all its sharp angles having been 
worn off. The nuggets of gold are often larger and purer 
1 Colliery Manager and Metal Miner , October, 1896, p. 89. 
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than the masses found in lodes in the same localities ; but 
there is now little doubt that the gold m placer deposits 
previously existed in ores in veins and has been derived 
from them by the action of running water, or in rare cases 
by the waves of the sea. A large proportion of the gold 
production of the world was formerly obtained from placers 
by washing, but placer gold is now of secondary importance, 
most of the present enormous output of gold coming from 
gold ores which require to be crushed before the values can 
be extracted. 

The occurrence of well-defined crystals of gold is rare, 
but has been noted m lodes in Transylvania, California, 
Australia and Brazil. The usual forms are cubes and 
octahedra, with rod- and plate-like forms. The crystal faces 
are frequently striated, and the crystals are generally 
rounded, uneven, or even curved. Twinning gives rise to 
dendritic and reticulated groups, but individual crystal 
faces and edges are usually very small. Moss-gold, leaf- 
gold and wire-gold are forms occurring sometimes. The 
interior of nuggets when polished and etched shows a 
crystalline structure similar to that of fused masses. No 
traces have been observed of a laminated, concentric structure 
such as might be expected if the nuggets had grown by 
accretion by means of deposition from solution. It is of 
course arguable that the deposited gold may have been 
rearranged after deposition by the slow effects of solid 
diffusion. 

IH Gold ores are usually found in veins or lodes in rock 
formations. The greater part of the material (“ gangue ”) 
forming the lodes is usually quartz, but various silicates 
also occur, and sulphides, arsenides or antimonides of base 
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metals are almost invariably present. The uppei portions 
of these veins near the surface of the giound are often 
found to have undergone oxidation from the influence of the 
atmosphere, so that the sulphides of iron, etc , have been 
converted into oxides. These gossans , or oxidised portions, 
may extend downwards to a considerable depth, and the 
gold contained in them, associated as it is with a loose 
mixture of silica and oxide of iron, is often readily separated. 
When the oxides pass into sulphides with increase of depth, 
the extraction of gold may become more difficult. The 
great deposit of ferruginous sinter, mamly composed of 
silica, found at Mount Morgan in Queensland, from which 
gold to the value of several millions of pounds has been 
extracted, is the richest gossan known. 

Generally, below the water level in the rocks of the district 
gold is found associated with metallic sulphides. 

According to Dr. Don 1 gold is always present in lodes, 
in the districts of Australia which he examined, when 
pyrites occurs, and is absent when no pyiitesis observable. 
According to L. Wagoner, however, gold sometimes occurs in 
Western America m rocks free from sulphides. The gold 
in lodes is in the form of minute scales, threads or grains 
disseminated through the ore. It is sometimes visible to 
the eye without magnification, but is more often m too fine 
a state of division to be seen. It also occurs in copper and 
iron pyrites, gilding the faces of the crystals or otherwise 
associated with them, probably in the metallic state, not as 
a sulphide. t 

If sulphides of gold are rare or unknown, on the other 
hand tellurides of gold, containing the compound AuTe2, 
1 Trans A. L M Vol. XXVII, (1897), p. 564. 
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are very common. They occur m considerable quantities in 
Western Australia, Colorado and Tiansylvania, and have 
been reported from many other localities. Various rniner- 
alogical names have been assigned to the tellurides fiom 
different localities, the best known being calaverite, which 
has the composition AuTe 2 , sylvanite or graphic telluiium, 
which appears to be a variable mixture of AuTe 2 and Ag 3 Te 4 , 
petzite (Ag 2 Te, in which some silver is replaced by gold) 
and nagyagite, or foliated tellurium, which contains a 
considerable percentage of lead. 

The tellurides are for the most part dark grey or black in 
colour, rarely silver-grey. They are often mixed with 
metallic gold, which sometimes gives them a brassy-yellow 
colour. When heated in air they oxidise, fuming and 
giving off Te0 2 , and fuse below a red heat The removal 
of most of the tellurium leaves the gold m the form of 
round pellets which have solidified from fusion. Calaverite 
has a density of about 9, and contains about 44 per 
cent, of gold, part of which is usually replaced by silver. 
Sylvanite has a density of about 8*1. Analyses of two 
specimens from South Dakota and Cripple Creek respec- 
tively gave the following results 1 : — 

(1) Gold . 7*64 per cent. (2) Gold . 5*61 per cent. 

Silver . 32*39 „ Silver . 34*23 

Tellurium 59*96 „ Tellurium 60*16 „ 

99*99 100 00 

Petzite, or Ag 2 Te, has a density of 8*86 (Miers). A 
specimen from California contained 25*6 per cent, of gold 
1 F. G. Smith, Trans A. I M> E , Vol XXYI (1896), p. 485, 

F 2 
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and 41*86 per cent, of silver (Genth). Nagyagite is foliated 
like graphite, but has a density of about 7. It contains 
only a few per cent, of gold. 

The proportion of gold present in oies or gravels which 
can be treated profitably for its extraction is very small. 
The mean return fiom the Rand ores is less than half an 
ounce per ton, or about one part of gold m 70,000 parts* 
of worthless material. Auriferous gravels which do not 
require to be crushed are sometimes treated at a profit 
when they contain only two or three grains of gold per 
ton, or say one part of gold in five millions. 

Beyond the limits of profitable extraction gold is very widely 
disseminated. Mmute quantities of gold appear to occur 
in all ores of silver, copper, lead, antimony and bismuth. 1 

It has also been detected in igneous rocks m almost every 
case m which a diligent search for it has been made. It 
is perhaps even more generally distributed throughout 
metamorphic rocks, and sedimentary rocks are seldom 
quite free from it. L. Wagoner found 2 an average of 
0 87 part of gold per million, or 5 grains per ton in granites, 
0*08 part per million in sandstones, and 0*007 part per 
million in limestones It also occurs in many clays and 
shales. For example, the bed of clay on which the city of 
Philadelphia is built is an auriferous deposit. It has been 
suggested that the gold in sedimentary deposits has been 
derived from the sea, but it seems at least equally probable 
that the gold previously existed in the older rocks from 
which these deposits were formed. The comparatively small 
quantity of gold m limestones which are formed in clear 

1 “Metallurgy of G-old,” T. K Rose, 5th edition, p 36. 

2 Trans A. I. M* E>, November, 1901 
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water far from land points rather to the land as the place 
of origin of the gold. 

Gold was first detected in sea water by Sonstadt, 1 who' 
states that the amount in British waters is far less than 
one grain per ton. Liversedge found 2 between one-half 
and one gram per ton in various samples of water taken 
from the sea off the coast of Australia. L. Wagoner 3 
found from 0*6 to 8 7 grams of gold per ton of water from 
the depths of the Atlantic, and only 0*2 grains per ton in 
Chesapeake Bay. The total quantity of gold in the sea is 
evidently enormous, amounting, on the figures given by 
Liversedge, to about £10,000,000 to each inhabitant of the 
globe, but there appears to be no prospect of its successful 
extraction on a large scale. It is not known how gold 
came to be present in sea water. 

The origin of gold ores is not yet certainly determined. 
Gold is usually contained in quartz veins which pass 
through rocks of many different kinds The effects of 
segregation, by which solid crystals of definite composition 
grow in a fluid containing a number of different constituents, 
seem to be quite enough to account for the existence of 
quartz veins in igneous and metamorphic rocks and of gold 
in quartz veins. Given a molten mass of rock, there would 
be nothing surprising in nearly pure silica beginning to 
solidify at certain points and receiving additions of more 
silica by the operations of diffusion. When the whole 
mass had become solid, the segregated silica would readily 
become converted into quartz and also receive still further 

1 Chetn News , Yol XXYI (1872), p. 159. 

2 Roy Soc. NSW , October 2, 1895. 

8 Tram A. I. M. E , 1907. 
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additions by the agency of heated water, by which silica 
would be dissolved, transferred and le-piecipitated. The 
concentration of gold in quartz veins and other ores 
may have been effected in a similar manner 1 It is of 
course well known that when a crystalline nucleus of any 
mineral, such as gold, has been formed, there is a tendency 
for all particles of the same mineral which are brought 
ne ar the nucleus by diffusion or in other ways to be fixed to 
it, so that the crystal grows. The almost universal dis- 
semination of gold throughout rocks of all sorts and m the 
waters passing through them would thus affor^n unfailing 
source for the creation of gold ores by the enrichment of 
certain zones. The length of time required for the formation 
of the gold ores which have been discovered is not known. 

The veins containing gold ores mainly traverse meta- 
morphie rocks, especially slates or schistose rocks, such as 
bydromica and chlorite schists. Valuable gold ores are 
sometimes met with in basalt, rhyolite, and other igneous 
rocks, and also occur “ m many different forms, as leplace- 
ment-deposits in limestones, as disseminations in igneous 
and sedimentary rocks, and as contact-deposits near intrusive 
masses ...” 3 

Gold-bearing gravels are, generally speaking, valuable 
when they occur in river-beds m districts containing gold 
ores, and consequently they are for the most part confined 

1 For a full discussion of the origin of gold ores, see papers by 
Posepny, Spurr, Rickard, Weed, Wagoner, Don, and others, m the 
Transactions of the Amencan Institute of Mining Engmeets, and else- 
where For a short resumi with leferences, see “ Metallurgy of Gold,” 
T. K Rose, oth edition, pp 42 — 44 

2 “Igneous Eocks as lelated to Occurrence of Ores,” J E Spurr, 
Trans. A I M E , 1902. 
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to rivers flowing through metamorphic rocks, especially 
slates and schists. The beds of ancient rivers which have 
long ceased to flow are sometimes very rich. Such river 
gravels have been covered by thick masses of eruptive basalt 
and other deposits in California and Victoria. In the latter 
country they are known as “ deep leads.” 

The geographical distribution of gold ores corresponds 
roughly with what has been said as to the geological 
distribution. Mountainous districts and the streams flow- 
ing from them are frequently auriferous. Wide, flat, alluvial 
plains generally contain no gold. In Europe the chief 
gold mines are in Hungary and Transylvania. Some gold 
is produced m North Italy, Norway, Wales, etc The 
Russian gold production is mainly from the placers of 
Siberia. In India gold occurs at Colar, in Mysore, and 
in small quantities in Madras. The other goldfields of 
Asia are in Borneo, Celebes, Sumatra, and some other 
East Indian islands, in China, Korea, Japan, and in the 
Malay Peninsula. In Africa the greater part of the gold 
produced is from the Transvaal and Rhodesia, but deposits 
of less importance occur in West Africa, in Egypt, and in 
Abyssinia Gold is widely distributed in the western moun- 
tains of North America, alike in Canada, the United States, 
and Mexico. Minor goldfields exist in the Appalachians 
and in Eastern Canada. The goldfields of Central and 
South America were formerly more important than at 
present. They occur both on the Pacific and the Atlantic 
slopes. Gold occurs in many parts of Australia and in 
several districts in New Zealand. 

The production of gold for different countries is given 
in Chapter XVIII. 



CHAPTER VI 


EXTRACTION OF GOLD FROM ITS ORES : GOLD WASHING 

When the treatment of gold ores is under consideration 
they fall naturally into two divisions — (a) loose aggregations, 
from which the* gold can be removed by concentration in 
virtue of its high specific gravity, and (6) relati|jgly hard 
ore, which must be crushed before the gold can be extracted. 
It is convenient to include m the first division gravels which 
have been cemented by infiltiation of silica, oxide of iron, 
lime, etc., so that they have become too coherent to be 
treated without crushing. Many examples of such ‘ f cement 
gravels ” occur in California. The second division includes 
some quartzose ores, in which the gold is mainly in the 
form of grains of moderate size, so that after crushing 
most of the gold can be collected by simple concentration. 
Ores of this character have been met with chiefly in 
Australia. Gold in a finer state of division escapes under 
such treatment, but is caught by mixing the crushed ore 
with mercury. The gold then becomes “amalgamated,” 
and the small particles of gold-amalgam are recoverable by 
taking advantage of their tendency to coalesce with one 
another, or with fresh mercuiy, so as to form large globules, 
which readily sink in pulp diluted with water Gold- 
amalgam may also be separated from the crushed ore or 
pulp by bringing it into contact with a metal plate, the 
surface of which has been previously amalgamated by 
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rabbmg with mercuiy In the latte i case the gold-amal- 
gam adheres to the amalgamated plate, and is removed 
at intervals by scraping. Mercury is also laigely used in 
the treatment of aunfeious gravels. 

Very finely divided gold, however, may escape amalga- 
mation, and the resistance to amalgamation is still more 
marked in the case of compounds of gold, such as tellurides, 
which show little or no tendency to yield up their gold 
when brought into contact with mercury. Many ores, too, 
contain materials which exercise a deleterious effect on 
mercury, preventing its globules from coalescing, so that 
they are lost m the tailings, together with the gold which 
they have picked up. All such ores which do not yield a 
satisfactory percentage of their values on treatment with 
mercury are known as “refractory” ores, as distinguished 
fiom “ free-milling ” ores. 

In a sense all ores are partly refractory, inasmuch as a 
pait of the gold contained in them is not in a condition to 
be recovered by means of mercury, however carefully the 
treatment is carried out. Accordingly it is now customary 
to treat the tailings from the amalgamation process by 
mixing them with a solution of cyanide of potassium. Yery 
finely divided gold is dissolved by cyanide solutions, which 
are then separated from the ore. The gold is obtained from 
them by precipitation. Sometimes tailings containing rich 
pyrites or other sulphides are treated by concentration, 
and the* concentrates are smelted with lead, 01 roasted and 
subjected to the action of a solution of chlorine in water by 
which the gold is dissolved, with a view to subsequent 
precipitation. 

Refractory ores are treated by smelting, cyaniding, or 
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chlorinating, according to their nature and to various other 
considerations. When the gold has been obtained, whatever 
methods have been employed, it is melted and cast into 
bars and afterwards refined to fit it for use in the arts. 

The methods of treatment of gold ores may accordingly 
be tabulated as follows : — 

1. Simple “washing” or concentration, with or without 
the aid of mercury. This is suitable for auriferous sands 
and gravels (placer deposits). 

2. Crushing and concentration, usually with the aid of 
mercury : suitable for free-milling quartzose ores. 

3. Subjecting crushed ores, usually without roasting, to 
the action of cyanide of potassium : suitable for the tailings 
from free-milling ores and for certain refractory ores. 

4. Roasting and chlorination: suitable for concentrates 
from free-milling ores which have already been amal- 
gamated, and for certain refractory ores. 

5. Smelting in blast furnaces to obtain the gold as an 
alloy of lead : suitable for certain refractory ores and con- 
centrates. This is described under the treatment of silver 
ores, Chapter XI. 

The methods given above will now be briefly described, 
and some of their chief modifications touched upon. 

1. Gold Washing. 

Small quantities of rich sands are washed in the miner's 
pan, which was originally the cooking-pan of the prospector. 
It is a flat-bottomed pan of sheet-iron, about 16 inches in 
diameter, with sloping sides 4 or 5 inches wide. It is often 
made with one or more “ riffles ” or shallow trenches in the 
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side or on the bottom near the angle to catch mercury and 
amalgam. When used, it is nearly filled with sand and 
water, and is first well shaken to enable the gold to 
settle to the bottom, and then dipped in and out of water in 
an inclined position to enable the sand to escape over the 
edge by degrees. The final operation of separating the last 
remaining sand from the 
gold requires a con- 
siderable degree of skill. 

This implement was 
much used in early days 
m California and Aus- 
tralia, when a single 
panful of dirt sometimes 
yielded several ounces 
of gold. A somewhat 
similar wooden (usually 
mahogany) bowl, the 
batea, is especially 
favoured by the negro ! 
race. It is a conical 
vessel about 18 inches 
in diameter, and 2 inches Fxa 15 —Batea 

deep in the centre (see 

Pig. 15). The gold clings to the wood when it would slide 
over iron. In the East a wooden trough is used. 

Por concerted work by a small party of diggers, the 
cradle , or rocker, is more advantageous. It consists of a 
wooden bos, resting on two lockers DD, like a baby's 
cradle (see Pig. 16, which is a sectional elevation). One 
man shovels gravel into the box A, the bottom of which 
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consists of a sieve, while another pours on water with one 
hand and rocks the cradle with the other. Mercury is 
sprinkled on at intervals. The fine sands and gold pass 
through the sieve and over some inclined plates B, to which 
cross-bars of wood, C, are nailed. The heavy materials — 
gold, mercury, amalgam, pyrites, etc. — accumulate behind 
the cross-bars, or “riffles,” and every now and then are 
scraped out and panned. The amalgam is heated on a 
shovel and the mercury driven off, leaving the gold behind. 



When larger quantities of auriferous gravel are available, 
a sluice is generally used. A sluice-box is a slightly 
inclined trough made of wood, through which the gravel is 
carried by a stream of water. Mercury is sprinkled on at 
short intervals of time. A large number of boxes are 
sometimes fitted together, making a sluice wlpeh may be 
some hundreds of yards long. 

The methods of conveying the auriferous matenal to the 
sluices vary with the scale of the operations and the other 
conditions. When small sluices or rocking cradles are 
used the gravel is piled near at hand and shovelled into 
them. In Siberia, where the valleys are shallow and the 
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inclination of the ground small, the gravel is carried in 
carts up an inclined plane to an elevated wooden platform 
whence the sluice starts. 

In California, where the “ gulches ” aie deep, the fall 
of the ground rapid, water plentiful, and the auriferous 
deposits of great thickness, the banks of gravel are some- 
times attacked by jets of water under high pressure, and 
the earth washed down and carried through the sluices 
without being touched by hand. This is called hydraulic 
mining , or “ hydraulickmg.” When the gravel beds are 
below the general level of the country they may be laised 
by the “ hydraulic elevator, 1 ” a jet of water under a head of 
as much as 400 or 500 feet, carrying water, sand and 
boulders alike up a pipe inclined at some 60 degrees to the 
horizon, so as to deliver them all at the head of the sluice, 
the vertical lift being sometimes over 50 feet. When 
gravels are buried beneath great thicknesses of lava or 
other materials, as m the case of the “ deep leads 99 of 
Bendigo, Ballarat and other places in Victoria, the gravel 
is mined and raised through shafts. If the gold-bearing 
material is hard and compacted, it is coarsely crushed in a 
stamp mill resembling those described in Chapter VII., but 
sometimes called a “ cement mill.” 

The sluice is paved in various ways to take up the wear 
and to catch the gold and amalgam. An irregular bottom 
is required with plenty of depressions, chinks and crannies 
into which the gold can settle. The obstructions are 
*known as riffles. The simplest contrivances are fir poles 
about four inches in diameter, left rough with the bark on. 
These poles are cut to the required length and nailed or 
wedged in the bottom of the sluice either transverse to the 
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direction of the current or longitudinally. The latter is 
generally preferred. Other nffles in use consist of cut slats 
of wood nailed to the bottom of the trough or sluice. In 
Siberia square “ pigeon-hole ” depressions have been con- 
tinuously used for more than fifty years. In California 
the sluice is sometimes paved with 6-inch squaie blocks 
of wood placed about two inches apart, or with large 
rounded stones, or ordinary iron rails placed longitudinally. 
All these afford plenty of crevices where the amalgam can 
lodge. In later yeais the use of perforated iron plates and 
of “ expanded metal ” has largely increased- To catch 
light spangles of gold, blankets aie spread, the loose fibres 
of which become charged with pyrites and gold, and m New 
Zealand plush is a favourite gold-catcher. Amalgamated 
plates, both stationary and shaking, are also used. 

On dredges, where the sluice is necessarily short, a 
number of diffeient kinds of riffles are often used in the 
same sluice. The view has been expressed 1 that this is 
advantageous because “ the ripple in the water as it flows 
down the box is altered, and consequently the material 
being treated is tossed about, its course altered, and the 
gold which may be adhering to the stones or grit has more 
chance of being liberated.” There are, of course, two some- 
what opposed operations to be carried out m a sluice. The 
process of disintegration of the gravel, if net previously 
completed, must be finished in the sluice by “tossing 
about ” the auriferous material, but the mam function of 
the sluice must be to save gold. This is done by affording * 
opportunities to the denser particles of matter to settle to 

1 E. S. Marks and Or. N Marks, Trane Inst of Mng . and Met . , 
Yol. XY> (1906), p. 479. 
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the bottom, and any eddies m the water, “ boilmg-up^oF’" 
disturbances of any kind interfere with the process. The 
flakes of gold, instead of continuing to settle towards the 
bottom of the sluice, are in such cases carried up again 
towards the surface of the stream. Consequently, where 
further disintegration is not required the water is allowed 
to flow as smoothly as possible. 

Sometimes disintegration m the sluice is necessary, and 
this is effected partly by the boulders occurring m the 
gravel and partly by arranging drops of a few feet in the 
sluice. When boulders are allowed to work down the sluice, 
the wear of the pavement is increased. 

At the La Grange hydraulic mine m North California, 1 
the sluice-boxes are 6 feet wide and 4 feet deep, and are 
paved with steel rails weighing 40 lb. per yard, but the 
number of boulders passing through the sluice is large, and 
the rails are worn out m about six months. 

In some sluices the larger stones and lumps of clay 
are removed by passing the stream of gravel and water 
through a set of parallel iron bars (a “grizzly ”), or in 
small operations by means of a fork or by hand. 

The dimensions of the sluice and its angle of slope vary 
with the quantity and nature of the material to be treated 
and the amount of water available. The art of sluicing 
consists in ^arranging that the heavy materials — gold, 
mercury, amalgam, and “ black sand” — shall smkto the 
bottom of the stream and lodge in the irregularities in the 
sluice-bed, but that the lighter worthless sand shall be 
carried away by the water. If sand accumulates in the 
sluice, the object is defeated and the amount of water must 

1 Mmmg and Scientific Press, October 10, 1908, p. 492. 
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be inci eased or the angle of inclination raised. The diffi- 
culty lies chiefly in catching finely divided gold, which is liable 
to be swept away with the sand. With this object the 
stream is kept as shallow as possible, and various special 
devices have been introduced, such as the unde? cu? rent. In 
this, a part (say one-fourth to one-third) of the fine material 
and water are drawn off through a sieve placed m the bed 
of the sluice and spread in a thin, even stream over the 
surface of a wide, inclined table, sometimes supplied with 
transverse riffles. After flowing over the table the material 
is returned to the mam sluice The fine gold settles on the 
table and is caught by the “ burlap ” or other material with 
which it is covered. 

At intervals the woik is stopped, and a “ clean up ” takes 
place to recover the gold caught in the sluice. The water 
is allowed to run until it passes through clear, and it is then 
deflected from the sluice, and the material lodged in the 
riffles, etc., is scooped out and panned or ground in a revolving 
barrel with more mercury and a few cannon balls. The 
amalgam and quicksilver collected in this way are squeezed 
through chamois leather or canvas, as m the days of Pliny. 
Nearly pure mercury passes through, and pasty amalgam 
containing 30 or 40 per cent of gold remains m the 
bag. Pliny describes the process in the following words : 
“ut et ipsum [i.e., argentum vivum] ab aurcvdiscedat, in 
pellis subactas effunditur, per quas sudoris vice defluens 
purum relmquit aurum.” The pasty amalgam is retorted, 
the mercury driven off and condensed by cold water, and 
the residue melted and cast into bars. 

The tailings, or refuse material from which the gold has 
been extracted, are' earned off by the water and discharged 
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into the nearest liver or collected and impounded in 
brushwood dams. 

One of the main difficulties in hydraulic mining is in the 
disposal of the tailings, which may amount to millions of 
cubic yards in a year from a single mine. Vast quantities 
of debris were discharged by the hydraulic miners into the 
rivers of California between 1862 and 1884, with the result 
that the river-beds were gradually filled up and floods 
became more frequent and extensive. The farmers’ lands 
were being covered more and more by deposits of barren 
gravel and sand and their industry was threatened with 
destruction. They accordingly obtained an injunction from 
the Courts which put an end to hydraulic mining m a 
great part of California in 1884. 1 

Within the last few years the use of dt edges has been 
rapidly extending. A dredge is a flat-bottomed boat, with 
machinery for laising gravel from the bottom of a stream 
or pond, hoisting it on board, washing it over inclined 
tables to save the gold, and then throwing or “ dumping ” 
the tailings overboard at the stern. A dredge may thus 
work its way up-stream, or may proceed across a flat plain 
floating in a pond, cutting out the bank in front of it and 
piling up the tailings behind. The latter method is known 
as “ paddock dredging.” A continuous supply of clear 
water is necessary for washing m the latter case, as very 
muddy water is found to interfere with the gold-saving. 
Dredges were first successfully used on the rivers of New 
Zealand, but are now at work m many countries Some- 
times suction pumps or grab-bucket dredges are used to lift 

1 See Production of Precious Metals in the United States , 1884, 
pp 524 — 530 

P.M. G 
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the gravel, but ladder-bucket dredges similar to those used 
in ordinary di edging operations are much more common. 

The following is a description of a typical New Zealand 
ladder-bucket dredge 1 — The pontoon is 139 feet long and 
50 feet wide at the stern, and its greatest draught is 9 feet 
6 inches. The engine is of 25 h.p. nominal. The capacity 
of the buckets is 7 cubic feet, and they are worked at a 
speed of ten buckets per minute. The ladder carrying 
the buckets can be laised and lowered by means of a 
winch. The pontoon is moored to the bank and moved 
from place to place by a head-line and four side-lines, each 
of which is supplied with a separate winch, %he buckets 
empty the gravel into a trommel, or revolving screen, which 
is 81 feet long and 4 feet 6 inches m diameter. The coarse 
material is delivered into the buckets of the mam tailings 
elevator, and the fine material falling through the scieen 
passes to the washing tables, where the gold is saved. The 
tailings are deposited in a settling tank, whence they are 
lifted out and delivered to the mam tailings elevator, which 
is 145 feet long and capable of stacking tailings at a height 
of 80 feet above the water level. The capacity of the dredge 
is reckoned at about 120 cubic yards per hour. 

Some dredges are not supplied with a revolving screen, 
and the material is tipped from the buckets direct into a 
sluice. In either case the length of the gold-saving tables 
is strictly limited, and the gravel must be thoroughly dis- 
integrated and an opportunity afforded for the gold to 
settle m a short distance. The tables are supplied with 
expanded metal or perforated plates placed on cocoanut 

a- 1 “ Beport of the Department of Mines, New Zealand, for 1899— 
1900, ,? p. 4 a 
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matting or other material. Angle-irons and Hungarian 
riffles are also used, but the losses of finely divided gold 
are frequently heavy. 

Tailings in river dredging are often discharged into the 
water over the stern of the pontoon. In paddock-dredging 
it is of course necessary to stack them on the bank. One 
of the drawbacks is that stacked tailings do not usually form 
ground capable of cultivation, and arable land is often laid 
waste by dredging operations. 

Cleaning-up usually takes place weekly. The expanded 
metal or other plates are lifted and the mats washed in 
tubs until free from all gold, grit, etc. The concentrates 
may be again washed on a “ streaming-down ” table, 
which is covered with plush or green baize, and the final 
concentrates are amalgamated and panned. 

Dredges are very economical in work, some large ones 
treating fiom 3,000 to 6,000 cubic yards or more per 
day, at a total cost of 2d. or 3d. per cubic yard, as m the 
subjoined table. 



No 1 Dredge 

No 2 Dredge 

Actual time worked 

6,161 hours 

5,572 hours 

Time lost 

17 7 pei cent 

25 6 per cent 

Capacity of diedge 
Material treated 

130 cub yds per hour 

112 5 cub yds per hour 

325,896 cub yds 

303,360 cub yds. 

Gold recovered 

1,198 6 oz 

1,393 9 oz 

Net value 

£4,816 

£5,104 

Working expenses 

£6,322 

£3,150 

Profit 

£1,494 

£1,954 

Value per cubic yaid 
Cost of treatment pei 

1 76 grams 01 3 oil 

2 -2 grains or 4 (l 

cubic yard 

2 4 d 

2 4d 


The above figures for a year's work on two dredges 

g 2 



84 


THE PEEOIOUS METALS 


are given by E. S. and G. N Maiks. 1 The first is from 
a dredge working on the Backland river, Victoria, and 
dealing with gravel containing a quantity of sunken logs, 
which delayed the operations. The second worked m the 
Australian Alps on the Encumbene river at an altitude of 
5,000 feet, and time was lost in the winter by the dredge 
being fiozen up. 

1 “The Backet Dredging Industry,” Trans Inst of Mng and Met 
Yol XY (1906), p 491 
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CHAPTER YII 

TREATMENT OF GOLD ORES BY CRUSHING 
AND AMALGAMATION 

Most gold ores are crushed in 
stamp-mills, "which consist of heavy 
stampers or pestles raised by machi- 
nery and let fall in cast-iron mortars. 

A stamp consists of the stem (A, 
Fig. 17), a rod of wrought iron or mild 
steel, 12 or 15 feet long and 3 or 4 
inches in diameter, the head B, and 
the shoe C. The stamp is raised 
by the double cam D, acting on the 
tappet E, which is keyed to the stem. 
The stem moves in guides F, of which 
there are two. The total weight of 
the stamp is generally from 1,000 to 
1,500 lb., but even heavier stamps, up 
to a ton in weight, are now prefeired. 
The stamps are raised and let fall 6 
or 8 inches about 90 oi 100 times a 
minute. The ore is crushed between 
the shoe C and the die G. Five 
stamps are let fall side by side in 
each mortar. 

A section of a moitar is shown m 


D 

D 


□ j 



A] 


0 

B 

0 

Diagram c 

showing the 

\ arious 

parts of a s 
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Fig. 18, where a is the aperture through which the ore and 
water are fed-in constantly, b is the screen opening set in 
the side of the mortar, and cl is the die. An amalgamated 
copper plate is often bolted to the inside of the mortar at c 
just below the screen. This is called the “ chuck-plate.” 
The fall of the stamps splashes the pulp against the 
screens. The water and fine particles of ore pass through 

and are then allowed to run 
over the amalgamated tables 
where the gold is saved. 

The ore to be fed to a 
stamp-mill is now usually 
broken to moderate size by 
being passed through a i ock - 
by eahei . These machines 
have approaching and reced- 
ing jaws which crush the 
rock. They are divisible 
into two classes, the recipro- 
cating jaw breakers, such as 
the Blake crusher, and the gyrating breakers, which are 
continuous in action, such as the Gates crusher. In the 
Blake machine a steel plate or jaw, pivoted above and having 
a swinging motion, alternately advances towards and recedes 
from a fixed vertical jaw. When the swinging jaw advances 
some rock is crushed. When it recedes the opening at the 
bottom between the jaws is widened and the crushed ore 
drops through. This machine can be set to break rock down 
to about two-inch cubes, and a large size machine can easily 
break 500 tons of ore per day to this size. The ore is 
usually shovelled into the mouth of the breaker by hand 





TREATMENT OF GOLD ORES BY AMALGAMATION 87 


The gyrating machines contain a spindle carrying a 
crushing head, which rotates inside conical crushing faces 
when the machine is empty and gyrates when ore is fed in. 
The largest of these machines are of greater capacity 
than the reciprocating machines, and work at a lower 
cost. 

The, ore from the rock-breakers is usually broken down 
in them to pass a 2-inch ring. Such ore is in the right 
condition to be fed to the stamps. It is stored m a bin 
with sloping bottom, and sliding down on to the table of 
an automatic feeding machine is passed forward into the 
mortar. 

A typical automatic feeder is Hendy's Challenge Feeder , 
which consists of a circular tray inclined towards the 
mortar at an angle of about 12J degrees and slowly revolved 
by bevelled gearing placed below it. The ore is delivered 
into a sheet-iron hopper and slides thence on to the tray, 
the amount being regulated by an adjustable door. When 
the level of the ore on the dies in the mortar is low enough, 
the tappet of the stamp-stem strikes a bumper-rod which 
moves the bevelled gear-wheel and partly rotates the tray. 
As the tray rotates, some of the ore is scraped off by 
stationary side-plates and falls into the mortar. One 
feeder is usually supplied to each battery of five stamps. 

The foundations of a stamp battery are of the first 
importance, for if they are badly made, the battery shakes 
itself to pieces. A trench is dug out to receive the vertical 
timbers or mortar blocks, which usually rest on concrete, 
and are surrounded by concrete or masonry. Sometimes 
the mortar blocks consist of concrete or iron instead of 
wood. The mortars rest on and are bolted to these blocks, 
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but are separated from them by sheet-rubber or blanketing, 
to reduce the vibration. 

The mortals themselves are of cast iron, usually east in 
one piece, and vary considerably in width and in depth of 
discharge — that is, m the vertical distance from the bottom 
of the screen to the top of the die. If the depth of 
discharge is low, the ore is thrown more directly and with 
greater violence against the screens than if the depth of 
discharge is high. The result is that the screens wear out 
sooner, but, on the other hand, the capacity of the mill is 
increased and the discharged pulp is coarser. The shorter 
time during which the ore remains m the mortar when the 
depth of discharge is low, checks amalgamation inside the 
battery ; but the practice is now growing, and finds general 
acceptance on the Hand, of adding no mercury in the 
mortar. In this case the battery proper is used as a 
crushing machine only, and not as an amalgamator. This 
method is a reversion to the older practice which was 
universal before 1850. 

The mortars are lined with plates of chilled iron or steel 
to take up wear and preseive the mortal. The lining 
plates are about 1 inch thick and last for some months. 
The open top of the mortar is covered with planking which 
surrounds the stamp stems, and is provided with holes for 
feeding-m the water. 

The sc? een-ojpenmgs are usually at the front of the mortar 
only, as in Fig. 18, and are more rarely provided at both 
front and back, when maximum crushing capacity is 
desired and inside battery amalgamation is not practised. 
The screens are carried in wooden frames and consist either 
of iron plates with holes or slots cut in them or of wire 
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cloth. In the latter case the proportion of the opening to 
the area of the screen is greater than in punched plates, so 
that the crushed oie is more leadily discharged from the 
battery. On the other hand, wiie screens have a shorter 
life than plates. Sheet-iron or steel plates or wire cloth 
are in wide use, but suffer very rapid corrosion if the water 
m the batteiy is acid from the oxidation of pyrites in the 
ore. This is especially the case when the water used in 
the battery is pumped fiom a mine. The acidity can be 
neutralised by the addition of quicklime, and it is not so 
rapid in its action on brass wire screens or on* aluminium 
or phosphor bronze, which are sometimes used. Richards 
cites a case 1 where aluminium bronze cloth lasted seventeen 
weeks while Russia iron lasted only three weeks. 

The slope of the screens is generally 10 degrees from the 
vertical. Gravity thus assists the splash in passing the 
grains of ore through the screen. Outside the screen is 
fixed a canvas shield or a splash-boaid of wood to stop the 
splashes caused by the fall of the stamps. The crushed ore 
and water, sti iking the canvas, drips down and is enabled to 
flow evenly on to the amalgamated plates. 

The cam-shafts, stamp-guides, etc., are supported by a 
framework usually consisting of heavy timbers, which are 
better able to withstand the jarring than iron or steel. 
The guides are required to keep the stamps vertical in spite 
of the side-thrust of the cams. Sectional guides are best, 
so that those belonging to any single stamp can be renewed 
when worn out. The cam-shaft is made long enough to 

1 “ Oie Dressing,” Yol I , p 178 This case is quoted from a paper 
by T A Rickaid Trans Am Inst Mny . Euy , Yol XXIII (1893), 
pp 137, 515. 
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carry the cams for ten stamps. The lifting faces of the 
cams are made in the form of the involute of a circle 
modified at the end so as to allow the upward motion of 
the stamp to stop gradually. The radius of the circle is 
equal to the distance between the centres of the stamp stem 
and the cam-shaft. The cams rotate the stamp as well as 
lift it, and this gives a more even wear to the head than 
would otherwise be the case. Cams are fastened to the 
cam-shaft by means of tapered keys which are driven into 
slots placed opposite each other in the shaft and cams. 
Cams are removed by driving out the keys, but thfjre are 
self-tightening cams, such as the Blanton cam, by which the 
operation of replacing a broken cam is made much less 
tedious. The Blanton cam is fastened to the shaft by a 
tapered wedge which wraps round the shaft and is kept in 
position by two pins. When the cam lifts the shaft it slips 
up the inclined plane of the wedge and makes itself tighter. 
It is loosened by being knocked backwards. 

* The cam-shaft is driven by a belt and pulley, and as 
the stamps are dropped alternately it is not difficult to 
arrange that the strain on the cam-shaft shall be nearly 
constant. The order of drop of the stamps in a battery is 
often 1, 3, 5, 2, 4, but other orders are in use. The dis- 
tribution of ore on the dies depends partly on the order of 
diop, the blow of a stamp throwing ore upoB the adjacent 
dies in readiness for the next blows. The wave of water 
must be prevented from heaping ore on certain dies and 
leaving others bare. It is laid down that two adjacent 
stamps should not fall in succession, and that when a stamp 
falls its neighbours should be rising. 

The jack, or finger, is a bar of wood which is pivoted below 
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on a subsidiary beam, and is used for banging up th6 
stamp. When this has to be done, a piece of wood is laid 
upon the cam as it rises, so that the stamp is lifted above its 
usual level, and when the stamp reaches its highest point 
the finger is pushed under the tappet and supports the 
stamp out of reach of the cam. The stamp is brought 
into action again by a reversal of this proceeding. 

The wear of crushing falls upon the stamp heads and dies. 
The tappets are moved on the stamp stems when required 
by the wearing down of the dies, and false dies are also put 
underneath worn dies to raise them and prolong their life. 

In running a stamp-mill, the best thickness of ore to be 
arranged for on the die when a blow is struck is such that 
the ore may be crushed without injury to the die. If the 
layer of ore is too thick, part of the force of the blow is spent 
in packing the pax tides together without crushing them. 
If the layer is too thin, the stamp head clashes on the die. 

The amount of ore crushed by a stamp in a day depends 
on the nature of the ore, the size of the mesh of the 
screens, the height of drop of the stamp and the number of 
drops per minute,, as well as on the weight of the stamp. 
Clayey ores are troublesome to crush, and soft friable ores 
are crushed most easily. Fast-running stamps cannot be 
given so high a drop as slow-running ones. Time must be 
given to raise the stamp, let it fall and allow a short period of 
rest before beginning to lift it again. From D. B. Morison’s 
researches 1 it appears that the maximum safe lifting 
velocity of a stamp is 31 *9 inches per second, and that about 
0T5 second must be allowed, after the stamp has completed 

1 N E* Coast Inst Eng . and Shipbuilders, Yol XI I I, April 30, 1897. 
Richards’ ‘ e Ore Dressing,” Yol, I , p. 216. 
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its descent, for rebound and repose, in order that the rising 
cam may not strike a falling tappet. These figures afford 
data for calculating the maximum number of blows possible 
for any given height of drop. With a fall of 5 inches, 115*2 # 
drops per minute may be given, a fall of 6 inches corresponds 
to 105 4 drops per minute, a fall of 7 inches to 97*6 drops 
per minute, 8 inches to 91 8 drops per minute, and 9 inches 
to 85*5 drops per minute. These are the usual heights of 
drop, and the numbers of drops per minute ai ranged for in 
practice are not far short of the theoretical maxima given 
above. 

The amount of water supplied in a stamp-mill is propor- 
tioned to the ore as the occasion requires. A larger 
proportion of water corresponds to more rapid stamping 
owing to the discharge being facilitated. When inside 
amalgamation is practised, rapidity of dischaige is not the 
only point to be considered, and the oie treatment outside 
the battery also limits the amount of water to be used In 
a number of cases cited by Richards 1 the water used varied 
from 2*92 to 15*97 tons of water per ton of ore stamped. 
The average was 6*68 tons of water per ton of ore 

Mercury is still often sprinkled into the battery. The 
amount depends on the quantity of gold and silver contained 
in the ore. The average quantity added is about 1§ oz. to 
each ounce of gold contained in the ore. If too much 
mercury is added the outside amalgamated plates become 
soft with excess of quicksilver. The use of amalgamated 
plates inside the battery and the sprinkling of mercury in 
the mortar, which originated about 1850, have of late years 
been tending to fall into disuse, especially since regrinding 
1 “Ore Dressing,” Yol I , p 222 
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In tube-mills has been introduced. On the Rand goldfield, 
batteiy amalgamation has been entirely discontinued. 

The 44 pulp,” or crushed ore and water issuing from the 
battery screens, is led m a very thin stream ovei inclined 
tables wheie the gold is caught. These tables were 
formerly covered with blanket material, in which the heavy 
particles of gold, pyrites, etc., became entangled. The 
blankets were taken up and washed at intervals. About 
the year 1860, however, the blankets began to be replaced by 
amalgamated copper plates, the use of which became almost 
univei sal soon after 1870 Similai copper plates had been 
placed inside the mortars about 1850, and the practice of 
feeding mercury into the mortars with the ore and water 
began at about the same time. The gold amalgam accumu- 
lates on the copper plates, and the stamps are occasionally 
stopped and the amalgam is scraped off and squeezed m a 
filter-bag to separate the excess of mercury The pasty 
amalgam, containing from 25 to 50 per cent, of gold, is then 
placed in a retort and heated gradually to redness. The 
mercury distils and is condensed by means of water, and 
the residue of gold is ready to be melted. 

The amalgamated plates are made of the purest and 
softest copper, usually Lake or electrolytic copper. It is 
annealed m older to make the surface porous and so enable 
it to absorb mercury leadily. In annealing, the plate is 
supported at a little distance from the ground and a fire 
kindled underneath. The plate is made hot enough to 
char paper placed on it, and is then allowed to cool. Any 
buckling is removed by the blows of a mallet, and the 
plate is cleaned by scrubbing with sand and ammonia or 
alkali Cyanide of potassium is even more often used for 
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removing the oxide of copper, grease, etc , which would 
prevent the meicuiy from adhering to the surface of the 
copper. The cyanide may be painted on the plate and 
washed off after a day, or less, or it may be used in con- 
junction with a brush and some fine sand. Plates are also 
cleaned with emery cloth, but however prepared they are 
liable to become tarnished, and so to make amalgamation 
difficult. The clean plate is sprinkled with mercury and 
rubbed with a cloth, sal ammoniac or cyanide of potassium 
solution being added to dissolve any oxide of copper that 
may make its appearance. The meicury then coats the 
plate, giving it a uniformly bright silvery appfprance. 
Gold amalgam or silver amalgam is rubbed on to give 
the plate a better “ catching ” surface, and the plate is 
ready for use According to Koskelley, 1 16 oz. mercury and 
6 oz. gold amalgam are enough for the preparation of a 
plate 16 feet by 4 feet 9 inches. 

Copper plates are often electio-plated with silver before 
being amalgamated. This prevents the appearance of green 
spots, the so-called “ verdigris,” due to the oxidation of 
copper, which greatly reduces the value of the plate as a 
gold-savei. The plates are prepared for electro-plating 
by coating the back with asphalt varnish and cleaning the 
face with acid, followed by scrubbing with pumice powder 
and final washing with cyanide of potassium. - The plate is 
then immersed in a bath made by dissolving chloride of 
silver m cyanide of potassium, and a current of electricity 
passed from silver anodes to the copper plate as cathode. 
The bath contains about 3 oz, of silver per gallon, 
and the plating is 1 complete when about 1 oz. of silver 
1 Jour Chem Met and Mrig Boc of B. A , Eebiuary, 1904, p. 286 
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is deposited per squaie foot of cathode. The plate is then 
amalgamated as before. Electro-silvered plates are more 
easily kept in good condition than plain copper ones 

Amalgamated plates are supported on wooden tables, to 
which they are fastened by copper screws or by buttons or 
wedges at the sides to make them easily removable. A 
number of plates are laid on each table, either overlapping 
or laid side by side. The main catching plates are called 
apron plates , or simply amalgamated tables. They are 
laid on a slope to enable the pulp to run over them by 
giavity, the inclination varying from about 1 to 21- 
inches per foot. If the slope is too great the pulp runs 
over it too fast, and the gold has less opportunity of 
settling down and coming into contact with the plate. If 
the slope is insufficient, sulphides accumulate on the plate 
and interfere with its proper working. The variation of the 
slope is due to differences in the ore, pyritic ores requiring 
moie slope than those nearly free from sulphides. Coarsely 
crushing batteries with a high output require a high angle 
of inclination of the plates, but the greater the proportion 
of water used, the less the slope. 

When pulp flows over the plates, the gold settles through 
the stream, and coming m contact with the amalgamated 
surface, adheres to it. It would appear from this that the 
stream should be as thin as possible, and should flow 
smoothly and uniformly without any tumbling action. In 
practice, however, these conditions are probably unattain- 
able. The discharge through the screens is intermittent, 
and the pulp flows down in a series of little waves which 
tumble over and over and bring all the grains in the pulp 
in contact with the plate n respective of the action of 
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gravity. With the idea of increasing the tumbling action, 
many amalgamated tables are broken up by steps or drops 
placed transversely, so that the pulp falls from the lower 
edge of one plate upon the upper end of the next plate 
from a height of from 1 to 3 inches. If the fall is of the 
correct height, the amalgam builds up under it faster than 
anywhere else, float gold being caught there If the fall is 
too great, the amalgam is scoured away instead of being 
saved. These drops act as distributors of the pulp, and 
are sometimes placed every 2 feet, but are often entirely 
omitted. In the latter case the area of the plates is 
made greater. ^ 

The apron plates are usually as wide as the mortar is 
long, and their length varies from about 6 to 21 feet. 
When sluice plates, or narrower plates below the apron 
plates, are used, the apron plates may be even shorter, but 
in sluice plates the stream of pulp is necessarily deeper, 
and they are falling into disuse. 

The depth of the pulp on the plates is given by Richaids 1 
at fiom 0*19 inch downwards. At the trough of the wave 
it may be as little as 0 014 inch at the lower end of the 
plates. He gives the velocity of the waves at fiom 19 to 
42 inches per second. 

Mercury traps are sometimes placed between the plates 
instead of drops In one form they consist of simple 
transverse troughs or riffles, 2 or 3 inches wide and 
deep. Sometimes they are made wider and deeper, and 
partitions or gates are placed m them, under which the 
pulp passes. The intention is to catch mercury and 
amalgam and to let the sand and pyrites pass through. 

1 “ Ore Dressing,” Yol II , p 746. 
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Sometimes they have a pool of mercury placed m them, 
when they become mercury it ells or riffles. If a gate is 
placed in the well almost or quite touching the surface of 
- the mercury, the pulp in escaping must pass over the 
surface of the mercury, or even through it. A mercury 
well acts as a trap for mercury, but has little other 
advantage to recommend it, and such wells are not now 
used much. They are useful m catching very coarse free 
gold, but large particles are not likely to escape whatever 
method of gold-saving is adopted 
Amalgamated plates are in the best condition to catch 
and retain gold and silver when they are clean and bright 
and the amalgam is soft enough to be marked by the 
pressure of the finger, but not soft enough for the mercury 
to gather into diops and run off. If the amalgam becomes 
hard it tends to flake off under the scouring action of the 
pulp, and fresh mercury is spnnkled on, 01 the amount of 
mercury fed into the batteiy is incieased. On the Band 1 
mercury is sprayed over the upper 3 feet of the plates 
(the part that is scraped daily) every four hours, when the 
plates are dressed, and this mercury oozing downwards 
supplies the lower part. 

Diessmg is necessitated by the discoloration of the 
plates, and is designed to make them moie active m 
catching gold " In dressing, the stamps are hung up, the 
water turned off and the sand brushed off the plates. If 
they are discoloured they are cleaned with potassium 
„ cyanide. On the Band mercury is sprayed over first, and 
then a solution containing 0*08 per cent, of cyanide is 
spnnkled on, and the mercury is lubbed in with a hard 
1 Roskelley, Chem. Met ami Muy. Hoc of H A , Yol. IV. (1904), p 286 
P.M. H 
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brush. Afterwards the amalgam is brushed smooth with 
a soft biush, and the plates are finally washed down. 
Cyanide is used to a less extent than formerly, as it makes 
the mercury drain away from the amalgam and so tends to 
cause the plates to become hard and dry. 

Cleaning- up, or the removal of amalgam from the plates, 
takes place at intervals, which may be as short as two hours 
if extraordinarily rich ore is being treated, or as long as a 
month. A daily clean-up is very common. In cleaning-up 
the amalgam is softened by the addition of mercuiy well 
rubbed in, and the amalgam is then removed with a sciaper 
of rubber or non, caie being taken not to sciatch the 
plates. A thin layer of amalgam is left on the plate to 
form a good catching surface, and the plates are then 
dressed. Hard amalgam accumulates on the plates and 
cannot be entirely removed even by means of a chisel It 
is removed at long intervals of two months or more by long 
scraping, or by steaming 01 “ sweating ” the plates before 
scraping, or by buckling the plates with a hammer, a pro- 
cedure which causes the amalgam to strip off Old 'work- 
out plates are scaled by being heated over a fire and 
plunged into water, or they may be dissolved m acid or 
melted up and sold to a lefinery. 

The dirty amalgam obtained from the plates and batteiy, 
containing sand, sulphides, metallic iron and base metal 
amalgam, is mixed with more mercury and treated in a 
rotating iron clean-up ban el with water and cannonballs. 
The water is then poured off and the mercury squeezed 
through chamois leather or canvas. The squeezing is often 
by hand, but hydraulic amalgam-squeezers are also in use. 
The amalgam retained by the filter contains from 10 to 
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50 peL cent of gold and silver, coarse gold yielding richer 
amalgam than finely divided gold. Hard amalgam contains 
moie gold and silver than the soft amalgam obtained m the 
usual way by cleaning the plates 

Retorting is cairiecl out in cast-iron letorts, of which 
there are two kinds, the pot retorts and the cylindrical 
retorts. The pot retoits are smaller than the others and 
are placed on any fire. The cylmdeis are placed hori- 
zontally in special furnaces. Both kinds have a delivery 
pipe leading to a Liebig’s condensei. The amalgam is 
squeezed into ball- 01 cake-shaped masses and placed m the 
letoits on tiays, 01 simply on paper 01 lime-wash linings 
The fire is lighted aftei the retort is m position, and at 
first a gentle heat is used wdiich is increased gradually. 
The mercury is volatilised, and after condensation m the 
cooled pipe is received m a vessel of water When no moie 
mercury comes over, the retoit is heated to redness foi a 
few minutes, and is then allowed to cool. The lesidue m 
the retoit contains gold, silver, base metals, sulphides and 
some mercury. It is cut up, if necessary, and melted in 
graphite uueibles with boiax, soda caibonate, nitre and 
sand. The base metals are paitly oxidised by the nifcie 
and partly left m the molten gold and silver. The 
metallic oxides foim a fusible slag wuth the boiax and sand, 
and the carbonate of soda takes up sulphui from the sul- 
phides, and makes the slag more liquid. When the chaige 
is melted it is well stirred and poured into ingot moulds, 
which are ovei turned into water as soon as the charge is 
solid in order to detach the metal readily fiom the slag. 
The fineness of the bullion and the methods of sampling 
are dealt with in Chapter XIV. 

h 2 



TREATMENT OF GOLD ORES BA AMALGAMATION 101 


Simmei East Mill, Witwateisrand, Transvaal. It shows 
the guide-posts, the guide-timbers, the stamp- stems, cams 
and tappets, the cam-shafts and the cam-pulleys. The 
stamp heads aie hidden inside the moitar boxes. The 
screens are shown and the amalgamated tables in fiont of 
them. The weight of the stamps is 1,550 lb. m this 
battery, and the amount of ore crushed per stamp is about 
6 8 tons per day of twenty-four hours. 

On the Rand the ore is soited by hand before delivery to 
the stamp-mill and the waste or banen rock picked out and 
diseai ded. In Fig. 20 1 the sorting table and trommel at 
the Knight’s Deep and Simmei East joint plant are shown. 
The tiommel deliveis large pieces of oie on to the rotating 
tables, wheie it is sorted. 

The ordinaiy stamps described above aie known as 
gravitation stamps or gravity stamps. Theie are other 
forms of stamp in which power m addition to the weight of 
the stamp is used to deliver the blow Steam stamps are 
lifted and forced down by a steam piston. In pneumatic 
and spring stamps the power is applied by a crank with an 
air piston or a spring to take up part of the shock to the 
machine. These forms of stamp are not much used in 
crushing gold or silver ores. 

A number of other pulverisers are also m use. Anastias 
and amalgamating pans are described m Chapter XI , which 
deals with the tieatment of silver oies. Ball-mills and 
l oiler-mills are more often applied to the crushing of gold 
ores. Like stamps they can be used for either wet ox dry 
crushing. The Kiujjp ball-mill is widely used, and is a very 

1 Tins figuie is also fiom a photogiaph kindly supplied by Mi 
W A Caldecott 
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diffeient sizes, and is rotated on a horizontal axis. The ore 
is crushed by the grinding of the balls against each other 
and against the inside of the peripheiy of the drum, which 
is composed of five or moie overlapping steel plates so 
arranged that the balls drop a few inches m passing from 
one plate to the next. The crushed oie passes out between 
*the plates on to a screen, and the oversized particles aie 
returned to the interior of the mill. The Krupp mill is 
applicable to soft ores, especially in pieparing them for 
treatment by the cyanide or chlorination process. 

Among loller-mills, the Huntington mill has perhaps been 
moie used than any other. It is applicable to the crushing 
of soft gold ores as a substitute for the stamp batteiy. It 
consists of a pan, inside which an non ring revolves m a 
horizontal plane, and hanging from the ring are three 
stems, each having a roller attached to its lowei extremity. 
When the ring rotates, the stems swing outwards by centri- 
fugal force, and the rollers press against and roll round 
inside a ring-die near the bottom of the pan. The ore, 
previously broken to less than f-mch pieces, is fed into 
the mill with water and is crushed between the rollers and 
the ring-die. Meicury is used in the mill, and the pul- 
verised ore passes out through peripheral screens placed 
above the ling-die, and is allowed to run over amalgamated 
plates. The Huntington mill is much used m America, 
and with careful feeding gives excellent and economical 
results. 

Amalgamating machines , designed to do the work gene- 
rally assigned to amalgamated copper plates, are numerous, 
but not so much used as formerly. Amalgamating pans 
are referred to elsewhere. In Transylvania the old system 
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of crushing in stamp batteiies and amalgamating in 
separate machines is still followed to a considerable extent. 
The so-called Austnan theory of amalgamation is that gold- 
savmg is best effected by giving the particles of metal an 
oppoitunity of settling by gravity through the pulp and of 
coming into contact with the surface of mercury lying 
underneath. In the old Tyrolean bowls described by 
Agricola in 1556, the crushed ore was kept in agitation by 
revolving stirrers above a bath of mereuiy, and according 
to him 1 the machines “ separated even very minute flakes 
of gold from the crushed ore. These flakes, settling to the 
bottom, aie drawn to itself and cleansed by the quicksilver 
(lying in the tubs), but the water carries off the dioss.” 
The modem forms of Hungarian amalgamators^^ch as the 
Schemata mill and the Lazzlo amalgamator, resemble the old 
bowls. They have 1 evolving mullers which force the ore to 
come in contact with the pool of mercury, but do not, as in 
ordrnary amalgamation pans, stir the mercuiy itself so as 
to mix and grind it with the ore. 

Shaking amalgamated plates have lately been used to a 
great extent for the treatment of reground ore coming 
from tube-mills m the Transvaal. They are sometimes 
placed on old Frue vanner frames, and are given a slight 
rapid side* shake of about 200 throws per minute of half 
an inch or so each. The pulp is kept by this device from 
settling on the plate, so that the inclination "of the plate 
can be reduced to about half an inch per foot, or even less. 
Silver-plated copper is the material usually employed. A 
longitudinal shake is sometimes given instead of a side- 
shake. The width of the plates is made as great as possible 

1 “ De Ee Metallica,” Lib VIII , p. 233 
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to reduce the depth of the film of pulp flowing over them, 
but their length need not be very great, as they are efficient 
gold-catckeis. Since the mtioduetion of legundmg and 
tieatment -with shaking plates, the piopoition of gold 
exti acted by amalgamation fiom ordinary Rand banket 
01 e has greatly increased, and is now nearly 70 per cent, 
on a number of the mines. The extraction by means of 
cyanide has suffered a corresponding diminution. 

The loss oj meicuiy in amalgamation varies with the kind 
of ore as well as wuth the method of treatment. The chief 
cause of loss is the flouring or sickening of meieury — that 
is, its subdivision into minute globules which aie too small 
to settle m mercury traps, etc. The globules of meicuiy 
are prevented from coalescing by a film of some foreign 
material, such as grease, oxides of base metal, sulphides, 
arsenides, hydrous silicates, etc. The loss by flouring is 
increased by using impure meicuiy containing amalgams 
of base metals, which are readily oxidised. It is also 
increased by stamping or grinding ore and meieury 
together, especially when the ore contains arsenides, anti- 
momdes, etc , or soapy materials, such as clay, serpentine, 
talc, or other hydrous silicates. Base oxides aie lemoved 
from quicksilver by sodium amalgam, but as the base 
metals re-enter the meieury the improvement is only 
temporary. Apart from flouring, a considerable loss of 
mercury takes place in the pan-amalgamation process, and 
also m the patio process, fiom the formation of sulphates 
and chlondes of meieury. The loss owing to this cause 
is trivial in the stamp battery. In the tieatment of gold ores 
m stamp mills the loss of mercury is given by Richards 1 
1 “ Oie Dressing,” Yol I , p 206 
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as 0 839 oz. per ton of ore crushed. This was the average 
at sixteen American mills, but it is much less m the 
Transvaal, where mercury is not charged into the mortar. 

Mercury is purified by distillation with lime and iron 
filings. An addition of charcoal prevents the formation 
of volatile oxides. Floating impurities may be removed by 
running quicksilver through a funnel and rejecting the 
last portion. The most effectual method of purifying 
mercuiy is to cover it with dilute nitric acid and force air 
through the mercury. The base metals are then oxidised, 
and rising to the surface are dissolved by the acid m 

Treatment of Tailings from the Stamp Battery. 

After treatment m the stamp battery, the crushed ore 
and water flowing from the amalgamated plates still con- 
tains some of the gold, either embedded in the pyrites or 
locked-up inside coarse grains of sand, or even in the form 
of finely divided free flakes of native metal. The treatment 
of these “ tailings” for the extraction of the remainder of 
the gold varies according to the nature of the ore. 

The older method of treatment was generally some form 
of concentration, the heavier particles being separated from 
those of lower density and saved, whilst the lighter particles, 
being comparatively poor mgold, were allowed to be carried 
away in the stream of water and lost. Blankets were 
stretched on sloping tables, and the pyrites, grains of 
gold, etc., which adhered to the fibrous surface were 
washed off every now and then and sent to a smelter or 
amalgamated in grinding pans or chlorinated. Canvas 
tables have been substituted for blankets, and sloping 
wooden tables were also used, but some form of “ vanner ” 



TREATMENT OP GOLD OEES BY AMALGAMATION 107 

or shaking table has now generally superseded these 
devices. 

The Frue vanner is the best known of the vanneis. It 
consists of an endless rubber belt, slightly inclined to the 
horizontal, and subjected to a rapid side-shake. The belt 
has a continuous slow motion up the slope. The pulp 
coming from the amalgamated plates is fed on to the upper 
end of the inclined table formed by the belt, together with 
some additional water. The pulp runs down the belt m 
a thin stream, and the particles of high density settle to 
the bottom of the stream of pulp, and, adhering to the 
surface of the belt, are carried up against the stream and 
over the top. They are washed off into a tank by means 
of jets of water. The side-shake keeps the ore loose, and 
so assists the heavy minerals to settle to the bottom. 
Finely divided sulphides are saved on this machine even 
better than very large particles, which tend to roll or slide 
down the belt with the worthless material. Two Frue 
vanners are generally sufficient to treat the product of a 
battery of five stamps. 

The Wtlfley table has no travelling belt, but is provided 
with a number of wooden strips nailed on the surface of 
the table. The lighter grains are washed down across 
these wooden riffles, and the sulphides, etc., of any size 
whatever, travel along the riffles under the influence of a 
side-jerk* and" over the side of the table. The Wilfley 
table is stated not to be of the highest efficiency in saving 
fine slimes, and is sometimes supplemented by other 
machines. It has largely replaced other forms of shaking 
tables and vanners of late years. 

For certain purposes it is desirable to classify the pulp 
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according to the size of the particles before othei treat- 
ment. This may be clone by inclined shaking or 1 evolving 
screens or by the use of hych auhc classifiers, which generally 
consist of some form of pyramidal box or mveited i oof- 
shaped trough. The apex of the box or trough is, of 
course, downwards. A stream of pulp enters at one side 
of the box, which is full of water, and overflows at the 
other side. The current slackens when it enters the box, 
and the larger and heavier particles of ore settle m the 
box and accumulate in the apex, where they are discharged 
either continuously or intermittently. Successive boxes 
are used, each larger than the previous one, so that two 
or three or more grades of material are collected, besides 
the slimes which do not settle m such boxes. In order to 
clean the sepaiated classes of material an ascending current 
of clear water is sometimes introduced at the apex. The 
sand falls through the upward current, but cannot carry 
down any slimes with it. The slimes can be collected m 
large pits or tanks. 

Classified material is better fitted than unclassified pulp 
for some methods of concentration, such as jigging, and 
also for treatment m leaching vats, as, for example, by 
the cyanide process. The concentration of gold ores is, 
however, less generally practised than formerly now that 
the cyanide process has come into almost universal use. 

Concentrates usually amount to 1, 2, or 3 per cent, 
of the original ores. They consist of sulphides, oxides of 
iron, flakes of gold, coarse grains of sand, etc., and may be 
very rich. Their values can often be extracted in great part 
by grinding with mercury m iron pans. The ordinary 
amalgamating pan described in Chapter XI. answers the 



TREATMENT OF GOLD ORES BY AMALGAMATION 100 


purpose sufficiently well, but its capacity is often too gieat 
for the small quantities of concent rates collected, and a 
smaller type of pan is used. This method, however, is 
not now very widely used. "When amalgamation of con- 
centrates is not adopted, they may be roasted and chlorinated 
or simply cvanided. Extremely rich concentrates can be 
treated by smelting with lead in reverberatory furnaces, 
followed by cupellation, but finely divided material is not 
suitable for reduction in blast furnaces, so that the smelting 
of concentiates is exceptional. 



CHAPTER VIII 

TREATMENT OF GOLD ORES BY WET METHODS 

The Cyanide Process. 

At the present day the usual method of treating the 
tailings from stamp battery amalgamation i% by means of 
the cyanide piocess without any previous concentration. 
Rough classification of the pulp is, however, • necessary. 
The tailings are run into large vats, from which the surplus 
water overflows, carrying with it the “ slimes,” or fine mud. 
The vat may be originally filled with clean water, m which 
case the slimes overflow from the beginning, leaving the 
sands to settle quietly to the bottom, 01 some kind of rising 
gate may be used, beginning with an empty vat and raising 
the height of the overflow from time to time as the sand 
accumulates. When the vat is filled with sand, it may be 
drained and discharged into trucks and the sand conveyed to 
another vat for leaching with cyanide. This is the method 
of intermediate filling with the use of a collecting vat, which 
may be of any depth. The cyanide vat may of course be 
placed vertically below the intermediate filling vat to 
facilitate transference. As an alternative, direct filling 
may be employed, the sands being collected in the cyanide 
vat itself and leached without bemg disturbed. 

In leaching, dilute solutions are used, usually containing 
from 0*05 to 0*85 per cent, of cyanide of potassium. The 
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sand rests on a false bottom placed inside the vat, and con- 
sisting of a filter -fiame of wood covered by cocoa-nut fibre 
matting and hessian, or some other kind of filter-cloth 
The vats are round and contain as much as 400 tons of ore. 
The cyanide solutions are either run on from above, or are 
introduced below the false bottom and rise up through 
the charge When the ore contains partially oxidised 
pyrites, which act as “ cyanicides,” decomposing the 
cyanide, the acidity may be removed by treatment with 
caustic lime This may be mixed with the ore before it 
is ciushed, or an alkali wash of lime or soda may be 
applied to the oie in the vat, before the cyanide solution 
is run on. 

Two strengths of solution are often applied m succession, 
a “ strong” solution and a “ weak ” solution. The strong 
solution is usually left on for some time before being 
allowed to run through, but the solution is not pumped 
back again to the surface of the ore. Three or four 
additions of solution are usually sufficient, the time of 
tieatment by the strong solution being often one or two 
days. The solution is sometimes applied continuously, 
that is to say, as soon as the liquid has sunk below the 
surface of the ore, fresh solution is run on. Sometimes 
the solution is allowed to dram away completely before the 
next charge fs applied. This causes air to be drawn into 
the interstices of the oie, and the fresh oxygen enables 
subsequent dissolution of the gold to be more rapidly 
effected (see p. 29). 

Some ores absorb oxygen and require to be re-oxygenated. 
Th^ difficulty has been met by the method of double ti eat - 
merit, the ore being treated with cyanide solution in one 
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vat, then allowed to drain, and removed to another vat and 
again leached. The turning over and exposure to air of 
the charge during tiansference affords an opportunity for 
its thorough oxygenation. The treatment of concentrates 
is made especially difficult owing to the absorption of all 
free oxygen by the sulphides. In the Transvaal, concen- 
trates formerly often underwent cyanidation during three 
or four weeks, the charge being drained and spaded over 
frequently to facilitate aeration between the applications of 
cyanide solution. 

When the strong solution has been drawn off, the weak 
solution is run on, and finally a number of water washes 
are applied, each wash being small m amount. Washing 
is discontinued when cyanide can no longer be detected in 
the water issuing from the vat. 

The vats aie discharged through doors in ^ the bottom 
into trucks which are often hauled up inclines and emptied 
on the top of a heap of tailings. The heap thus grows 
higher and higher as its area is extended. The sand in 
the vat is sampled for assay before being discharged. 

The auriferous solution drawn from the charge is passed 
to the zinc-boxes for the precipitation of the gold. These 
are usually troughs containing shavings of zinc coated with 
precipitated lead, formed by dipping the shavings into a 
strong solution of acetate of lead. The boxes are divided 
into compartments by partitions, and the solutions generally 
flow upwards through each compartment in succession, the 
overflow from one compartment being conveyed through a 
small passage to the bottom of the next The zinc shavings 
are very thin and light, and are carried on iron gratings 
through which the solution passes. The gold is precipitated 
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on the zinc which displaces it in solution according to the 
equation — 

2KAuCy 2 + Zn = K 2 ZnCy 4 + 2Au. 

The lead foims a galvanic couple with the zinc and 
strengthens its action as a precipitant, but the lead itself 
remains unchanged. The zinc is, however, also dissolved 
by the cyanide solution direct, potash being formed and 
hydrogen set free. A white precipitate tends to form on 
the zinc, checking its action (see above, p. 31). It con- 
sists m part of cyanide of zmc, which would be dissolved 
by a laige excess of cyanide of potassium If the per- 
centage of free cyanide of potassium in the solution is 
too small, the precipitation of gold is incomplete or is 
entirely stopped. The gold forms a black mud on the surface 
of the shavings, which disintegrate as the action proceeds. 

In cleamng-up, the shavings are washed and filtered in 
order to separate the residue of zmc and soluble salts, and 
the sludge is charged into a large tub with dilute sulphuric 
acid or bisulphate of sodium. Finely divided zmc is dis- 
solved and the cyanides decomposed with violent frothing, 
owing to the disengagement of gas. After all action has 
ceased the charge is allowed to settle and the clear liquid 
decanted off. The slimes are then washed with hot water 
and separated by a vacuum filter or a filter-press. They 
may then be _ dried, calcined and fused with fluxes in 
graphite crucibles. The fluxes used are soda carbonate, 
borax and sand. Nitre or manganese dioxide aie also 
added sometimes to oxidise some of the base metals and 
produce purer bullion. 

Another method, the Tavener process, consists in mixing 
the slimes, after filter-pressing, with fluxes and litharge, and 
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smelting for auriferous lead in a reverberatory furnace. 
Sawdust is used as a reducing agent. The slags are veiy 
poor, and the lead may be legulated so as to contain as 
much as 8 per cent, of gold. This is cupelled in a second 
operation m an English cupellation furnaee. The cupelled 
gold is allowed to solidify on the test, and is then detached, 
broken up while still hot, and melted in graphite crucibles 
for casting into bars. 

The treatment of the slimed ore separated fiom the sands 
before the latter are cyanided differs consideiably from the 
method descubed above. In the Transvaal the decantation 
process is in geneial use. Milk of lime is added to the 
water from the separating plant containing the slimes, in 
order to coagulate them and assist them to settle, which 
they do in a flocculent form when lime is added. Large 
pointed boxes are used for settling the slimes, wjjjch are 
drawn off at the bottom and pumped to the treatment 
vats, about 90 per cent, of the water contained m them 
having been separated. The cyanide solution used to 
dissolve the gold contains about 0*01 per cent. KCy. 
Dissolution is rapid and is aided by agitating the charge, 
which is done by means of pumps. The slimes are then 
allowed to settle, and the clear liquid is withdrawn and sent 
to the zinc precipitation boxes. Slimes cannot be washed by 
the ordinary method of percolation, as they resist the passage 
of liquids through them, even when a vacuum is created 
underneath the filter-bed. They are accordingly washed 
by decantation, the vats being repeatedly filled up with 
fresh water with which they are stirred. The charge is 
then allowed to settle and the supernatant liquid removed 
by decantation until it is too poor to pay for treatment. 
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The solutions aie poor, both in gold and m cyanide, and 
are treated either by passage thiough zinc-lead shavings 
or by electucal precipitation, in which the smallness of 
the percentage of cyanide piesent is not disadvantageous. 
The cathodes consist of sheet-lead and the anodes of iron 
plates or of sheet-lead coated with peroxide of lead. The 
current used is not great, m order to avoid the destruction 
of cyanide as far as possible. The gold gilds the lead, or is 
deposited in a black granular form, and to recover the gold 
it is merely necessary to melt and cupel the lead, which con- 
tains from 2 to 12pei cent, of gold. The electrical method 
of precipitation was mtioduced as the Siemens-Htilske piocess 
In Western Australia slimed ore is treated by filter - 
p) easing instead of by the decantation process. The pulp 
is usually partly freed fiom watei by settlement or by a 
filter-press, and is then treated with cyanide solution m 
vats by agitation applied by means of paddles. The 
mixture is then pumped into filter-presses and the liquid 
forced through the filter-cloths under high pressure applied 
by compressed air. Dissolution of the gold may also be 
effected either wholly or partially in filter-presses by 
forcing cyanide solution through them. In any case the 
ore is washed clean in the presses. Filtei -presses consist 
of a series of parallel ribbed 01 corrugated non flanged 
plates tightly fitting together at then planed max gins. 
Each pair of plates is separated by filter-cloths, which 
constitute the packing between the planed rnaigms The 
liquid is forced through the cloth into the corrugations of 
the plate and is drawn off in a series of channels. The 
cakes of slimes are lemoved from the presses by opening 
them individually. The whole operation of filter-pressing 

i 2 



TREATMENT OF GOLD ORES BY WET METHODS 117 


Cyanide plants aie now of gieat capacity and very 
complicated on the Rand. A general view of a poition 
of the reduction woiks (stamp batteiy and cyanide plant 
combined) of the Knight’s Deep and Simmer East joint 
plant is shown in Fig 21. The batteiy house is on the 
light of the picture. 

Another view of the same plant is shown m the frontis- 
piece, which is taken from the top of the enoimous sand 
heap or dump where the tailings, or oie after tieatment,aie 
thrown. 

In Fig. 22 a view is given of the mteiior of the extiactoi 
house at the same woiks. On the right the zinc-boxes 
divided into compaitments are shown, and on the left a 
filter-press and the pumping machinery. 

The slimes tailings cannot be piled up like the sands, 
and are settled and caught in huge dams, one of which, the 
Knight’s Deep and Simmer East dam, is shown m Fig. 23. 
Figs. 21, 22 and 23 are reproduced fiom photogiaphs kindly 
supplied by Mr. W. A. Caldecott 

There are numerous modifications of the cyanide process 
m use at different mines. The stiength of the cyanide 
solutions, the time of treatment, and the method of leaching 
vary with almost every ore 

Latterly it has become apparent that the tailings from 
stamp-mills are often too coarse to yield then gold without 
previous legnndimj , and they are accordingly reduced to 
fine slime by being passed through tuhe-mills or other 
machines. Tube-mills (see Fig. 24) 1 aie rotating iron 
cylinders lined with flint or chert and half filled with 
round flint pebbles, or more rarely with iron rods. The 

1 Fig. 24 is from a photograph kindly supplied by Mi. W A. Caldecott 
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ifc. A photogiaph of one of the thiee lube-mills in use al ilie 
Knight’s Deep and Simmei East joint plant is lepioduced 
In Fig. ‘24. 

The silica lining of tube-mills may be replaced by steel, 
and in the Transvaal the flint pebbles have been discaided 
In favour of banket oie, vhich consists of quartz pebbles 
set m a siliceous cement This matenal is found to answer 
veiy well and contains a little gold which is set free as the 
pieces of me aie giound up. 

The speed of revolution of tube-mills is such that the 
pebbles, earned up the side of the mill by the friction of 
the lining, in part roll over one another and in pait fall 
fieely thiough the air and strike the bed of pebbles at the 
bottom. For a mill 5 feet m diameter the speed is about 
tventy eight levolutions per minute. The pulp llfthickened 
as much as possible by the removal of watei befoie it is fed 
to the mill. No scieen is used at the discharge apertuie, 
but the product is classified in sjyitzhasten (pointed bo'xes), 
and the eoaiser material is returned to the mill. 

Since the introduction of tube-mills m the Tiansvaal 
(vhere there were 103 at work in September, 1908) the 
stamp-mill screens have been made coarser, so that the 
output of the stamps has materially increased and the 
tailings from the stamp-mills consist of particles of greatei 
average size than was formerly the case. Jims at the 
Luipaard’s Ylei Estate mill in August, 1908, the duty per 
stamp was 9*67 tons of ore per day, and the aveiage duty 
on the Witwatersrand in September, 1908, was 6*49 tons 
per day, while the average duty in the early part of 1904 
was only 4*78 tons per day". Part of this change is, 
howevei, due to the meiease in weight of the stamps. The 
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The line mateiial fiom the mills is passed ovei shaking 
amalgamated coppei plates, which have aheady been 
descnhed. The extraction of gold bv meicuiy on these 
and on the ordinal y stationaiy plates is as great as was 
the case befoie the introduction of regnnding, so that 
the mateiial for cyamding is poorer than foimeily, and 
the proportion of the gold obtained in the cyanide plant is 
about the same m spite of the fact that, owing to the finer 
gundmg the tailings after being treated by cyanide are 
poorer than before. “All-sliming” of ore appears to be 
almost impossible. Even after very fine grinding m tube- 
mills, the pulp can still be sepaiated into easily leached 
sands and slimes which cannot be leached by pei eolation. 

The telliuide ores of Cripple Cieek, ISoloiado, and of 
Kalgoorhe, West Austialia, cannot be treated successfully 
by the cyanide process or by amalgamation without special 
precautions* Telluride of gold is acted on by cyanide ot 
potassium only veiy slowly, and is not amalgamate at all. 
Two methods have been used largely. In the Diehl pi ocess 
the ore is crushed with water m stamp-mills, amalgamated, 
concentrated, and the tailings separated by classifiers into 
sands and slimes. The concentrates are dried, roasted and 
sent back to the crushing mill. The sands are reground m 
tube-mills, and the whole of the fine mateiial is then 
agitated with cyanide solution, to which *some bromo- 
tyamde is added, and filter-pressed. In the Mainnei 
piocess the ore is crushed dry in roller-mills or ball-nulls 
{q.i.) and roasted dead. The jmoduct is ground with mer- 
cury and cyanide solutions m pans, and the tailings aie 
agitated with dilute cyanide of potassium and filter-pressed. 

At Cripple Creek the telluride ores are crushed diy by 
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means of rolls, roasted and treated with cyanide by 
pei eolation m laige vats. 

Dig aiislnng has not been previously dealt with, but is 
generally lequired as a pielimmary to loastmg 01 smelting. 
Stamp batteries can be used, the dischaige seieens being 
placed on both sides of the mortar instead of on one side 
only, j Rolls are moie geneially employed. They are 
revolving cylinders of steel or cast iron, placed with their 
axes paiallel and their peripheries a short distance apart. 
Pieces of ores are drawn between two rolls and crushed by 
compiession. Ore is generally passed through two or more 
pans of rolls m succession, the last pair having their 
revolving faces placed close together. Rolls are not 
adapted for very fine crushing, and are seldom used m 
conjunction with screens finer than about 20-mesh. The 
ore which will not pass the scieen is returned for another 
passage thiough the i oils 

Boasting jin uaccs foi use m conjunction with the cyanide 
or chloi mation process are of many different designs. The 
old-fashioned hand-worked leverbeiatory furnace has now 
almost passed out of use for such purposes. It consists of 
a large hearth, on which the ore is spread, surmounted by 
a low 7 roof. The flame from a fixe passes over the hearth, 
heating the oie, w 7 hich is stirred by iron tools or rabbles 
introduced through doors at the sides of the furnaces. Air 
is supplied through the woikmg doors. The sulphur m the 
ore is oxidised and paitly removed as sulphur dioxide. 

Automatic furnaces aie now almost univeisal. In one 
type, wdnch has many forms, the rabbles are carried by 
endless moving chains and the ore is stirred and pushed 
forward towaids the hot end of the hearth by the rabbles, 
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and finally drops thiough a hole in the health neai the 
fire In another type the oie is fed in at the upper end of 
an inclined rotating cylinder, and, tumbling over and over 
as it is earned up the sides of the cylinder, giadually finds 
its way to the lower end, where it is discharged. The flame 
from a fire enters, together with air, at the lower end, and 
passing through the cylinders escapes into the stack at the 
up2ier end. In both types of furnace the inclination of the 
hearth, the ariangements for moving the ore, and the heat 
from the fire are adjusted so that the ore is roasted as 
nearly completely as is required before it is discharged. 

The cyanide process, which was introduced in South 
Africa m 1890, and has since spread to all parts of the 
world, is now of the highest importance in the treatment of 
gold ores. In the Transvaal 2,264,994 oz, of gold were 
produced by its use m 1907, as against 4,142,939 oz. by 
means of amalgamation. The importance of the cyanide 
process is even higher than might be deduced fiom these 
figures, as few of the mines could be worked profitably if 
the gold extracted by amalgamation represented their total 
output. The same thing can be said of most of the gold- 
fields in other parts of the world. 

The Chlorination Process. 

Chlorination has been to some extent displaced by the 
cheaper cyanide process, but is still used for the treatment 
of certain ores and concentrates, and is applicable mcei tain 
cases in which cyanide is useless. 

Ores must always be roasted before chloiination, to 
prevent the waste of chlorine in acting on oxidisable 
materials. The roasted ore is sometimes damped and 
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subjected to the action of chlorine gas in closed vessels, the 
soluble chloride of gold being afterwards washed out by 
percolating water (Plattner piocess). It is now more usual 
to treat the ore with a solution of chlorine m water, either 
m vats open to the air (vat solution process) or in closed 
rotating barrels (barrel process). 

The Plattner process was that originally employed, and is 
chiefly applicable to small quantities of rich concentrates. 
These contain much pyutes and are roasted dead. If copper 
pyrites is present, salt is added towards the end of the 
roasting operation to ehlondise the copper, which would 
otherwise absorb chlorine in the vat. Chloridising roasting 
of gold ores is, however, liable to be attended by a heavy 
loss of gold by volatilisation. The roasted ore is damped 
by sprinkling with water and thorough mixing, the amount 
of water being kept low enough to allow the mass to be 
porous, so that chlorine gas can pass through it leadily. 
The vat is lead-lined and has a filter-bed and false bottom, 
and the gas, made by the action of common salt, manganese 
dioxide and sulphuric acid in a separate generator, is 
passed upwards into the ore through the filter-bed. When 
the whole charge smells strongly of chlorine, the vat is 
closed and allowed to remain for twenty-four hours or more, 
fresh gas being added if required. The cover is then 
removed and water poured on the ore and drawn off at the 
bottom until gold can no longer be detected m the wash- 
water. The gold chloride is precipitated by ferrous 
sulphate, the equation being — 

2AuC 1 3 + 6FeS0 4 = 2Au + Pe 2 Cl 6 + 2Fe 2 (S0 4 ) 3 . 

The brown precipitate of metallic gold is allowed to settle, 
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and is collected by filtering It is then washed, dried and 
melted. 

The hcnrel process of chlorination was originally intro- 
duced in the United States, and has never been used for 
any great length of time in any other country. The 
chlorine is applied under piessure with a view to shorten 
the time of action. The gas w ? as originally pumped into the 
barrel through one of its trunnions, but the later practice 
is to geneiate the chlorine inside the ban el by means of 
sulphuiic acid and bleaching powder. Caie is taken to 
prevent these chemicals from coming into conAct with each 
other until the manhole o! the bairel has been closed and 
rotation begun. More water is used than in the Plattner 
process, the charge being lequiied to be an easily flowing 
pulp. Iron barrels lined with lead and holding a charge of 
from five to ten tons of ore aie used, and are rotated for 
about five hours, when the dissolution of the gold is usually 
complete. The rotation is of value in mixing the charge 
and biinging all parts of it equally under the action of the 
chlorine, and also in scouring and brightening the particles 
of gold and laying them open to attack. 

When dissolution is complete, the charge is emptied into 
a false-bottomed vat to be washed, or the washing is some- 
times carried out in the barrel itself, which in this case is 
provided with a filter-bed forming the chord fi of an arc of the 
circle of the barrel. The precipitation of the gold is effected 
by sulphuretted hydrogen, and the sulphide of gold is 
filter-pressed, roasted on iron trays and melted with fluxes. 
If much base metals are present in the solution, the gold is 
precipitated by ferrous sulphate. 

The vat solution pi ocess is in use at the Mount Morgan 
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Mine, Queensland, the largest chlorination mill in the 
world. The vats are oblong, and of a capacity of 100 tons 
of ore each. They are constiucted of concrete lined with 
cement and faced with pitch and tar, which are unattached 
by chloiine. The solution is run on to the ore through 
earthenware pipes, and is drawn off through the filter-bed 
as soon as the vat is full. Fresh chlorine solution is added 
continuously until the gold is completely dissolved, which 
appears to take about thirty-six horns. Water for washing 
is then applied and passed through the ore until ferrous 
sulphate gives no precipitate of gold in the issuing liquid. 
The tailings are discharged from the tanks into trucks. 

The gold solution is heated to expel all free chlorine, and 
the liquid while still hot is allowed to rnn through tanks 
filled with coarsely powdered charcoal resting on a filter-bed 
and covered with perforated sheet-lead to keep the charcoal 
from floating. The gold is precipitated on the charcoal, 
and when the latter is sufficiently coated it is burnt in small 
furnaces, and the ashes melted with fluxes m a reverberatory 
furnace. 



CHAPTER IX 


SILVER AND ITS ALLOYS 

HistoiicaL 1 — Silver was known to the ancients, probably 
almost as soon as gold itself. Although it did not attract 
so much attention as gold, the name which^t carried m 
ancient languages was founded on its colour and^appear- 
ance. Thus in Hebrew “ khesef ” (silver) was derived 
from the verb “khasaf,” to be pale , and the Latin ai gentian 
was deiived from its Greek equivalent, which meant white? 

Silver was m use as money probably as early as gold. 
It is recorded that Abraham paid Ephron in silver for the 
land bought as a burial place . 3 Pliny states that mines of 
silver occurred in the mountains m almost all the Roman 
provinces, and that Spain contained the richest deposits 4 
Strabo 5 describes the treatment of silver ore at New 
Carthage in Spain as consisting of roasting, followed by 
washing through sieves. This operation was repeated five 
times. The residue was fused with lead and cupelled, with 
the result that pure silver was obtained. 

Accordmg to Hoefer the only compound of* silver known 
to the ancients was silver chloride, which was formed in 
refining gold and thrown away with the refuse. 

1 Some notes on the history of silver are given m Chaptei I. 

2 Hoefer, 4 4 Histoire de la Ohimie,” p. 43. 

8 Genesis, chap, xxni., v. 15. 

4 “Hist, Nat Lib. XXXIII , cap 31. 

6 " Geogr.,” Lib, HI 
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The Properties op Silver. 

Silver is pure white m colour and is capable of receiving 
a brilliant polish. When in the form of fine powder, as for 
instance when reduced from the state of chloride by iion 
and acid, silver is grey and earthy m appearance. It is 
extremely malleable and ductile, though less so than gold. 
It is hardened by hammering or rolling, but its softness is 
restoied by annealing at a red heat It is harder than gold 
and softer than copper. It is the most perfect conductor of 
heat and electricity known, and its conductivity lsincieased 
by annealing. Its specific gravity is 10 50 after having 
been cast, and 10*57 after being struck m a coining press. 
Pure silver, however, is difficult to cast quite solid, and 
generally contains minute cavities which reduce its density. 
The density of English silver coin (925 fine) is 10*87. The 
specific gravity of molten silver is 9 51. The atomic 
weight of silver is 107 98 (taking 0 = 16), and its symbol 
is Ag. 

Silver melts at 962° (Berthelot), and volatilises when 
heated by the oxy-hydrogen blow-pipe, yielding a pale blue 
vapour. It can be distilled m quantity by a hydrogen 
flame m a suitable furnace, or by being heated in the 
electric arc furnace, when it boils vigorously. Molten silver 
absorbs about twenty-two volumes of oxygen from the air, 
and the gas is given off again dunng solidification, usually 
with much vigour. The solidified crust of silver is gene- 
rally broken and bhsteied, and particles of metal aie 
projected by the gas disengaged from the mtenor (the 
so-called “spitting” or “sprouting”). This effect can be 
prevented by Stirling the metal under a covei of charcoal, 

PAI. E 
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or by adding a small quantity of copper, zinc 01 other 
oxidisable metal, by which the oxygen is retained It is 
probable that the oxygen exists in the molten silver m 
the form of the oxide, Ag 2 0, as this substance has been 
shown to be stable at veiy high temperatures, although it 
is instantly decomposed at a red heat. 

Silver is not oxidised at ordinary temperatures either m 
dry or moist air, and is only slowly oxidised at high 
temperatmes It is rapidly dissolved by boiling mtnc 
acid, and if it is slightly impure it is attached at the 
ordinary temperature. It is soluble in boiling, concen- 
tiated sulphuric acid, but is not attacked by the dilute acid 
unless alloyed with such a metal as non. Hydrochloric 
acid acts veiy slowly, if at all, on pure silver, but at a red 
heat silvei chloride is readily formed by the ‘action of HC1 
gas. The formation of silver chlonde by the action of aqua 
regia, chlorine, 01 hydiochlonc acid on silver is soon 
stopped by the foi matron of a protective layer of„ AgCl, 
wdnch is insoluble in acid. 

Sulphide of silver is readily formed by thi owing 
sulphur on to molten silver, or by exposing silver to the 
action of sulphurous fumes at the oidmary temperature. 
It is for this reason that silver blackens m the air in towns, 
a film o£ sulphide of silver being formed on the surface, 
presumably by the action of H 2 S. The blackening of silver 
egg-spoons is also due to the formation of sulphide of 
silvei 


Preparation of Pure Silver. 

The simplest method of preparing pure silver is to dis- 
solve commercial silver in nitric acid, allow the liquid to 
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stand, syphon off from precipitated gold, etc , precipitate 
silvei chloride m a hot solution with hydrochloric acid, 
stir well, allow to settle and wash by decantation. The 
silver chloride becomes gianular by continuous Stirling and 
settles readily. When the decanted liquid no longer shows 
a trace of impurity, the silver chloride is transferred to a 
porous pot which has been previously steeped in hydro- 
chloric acid for some days and thoroughly washed by long, 
continued standing in clean distilled water frequently 
renewed. The porous pot is placed in water m an outer 
vessel, in which carbon electrodes are dipped. A cathode 
of platinum or pure silver is plunged into the silver chlonde 
and connected with the carbon anodes thiough an electric 
batteiy. The white chlonde at once begins to blacken next 
the cathode, and is entirely converted into silvei m the 
course of a few days. The outer liquid becomes strongly 
impregnated with chlorine gas and should be renewed once 
or twice a day. 

The carbon anodes may be replaced by a cylinder of 
wrought iron, and a little hydiochlonc acid added to start 
the action. No chlorine is then evolved, and the action is 
far more rapid. In this case the chloride of iron diffuses 
into the inner pot and contaminates the silver, but may be 
removed by washing 

The grey silver powder, after being carefully washed by 
shaking it with pure water renewed many times, is dried 
and melted under a little carbon m a graphite or clay 
ciucible and poured into a blackleaded iron mould. 

This method is used m the preparation of pure silver for 
trial plates at the Royal Mint. 
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Alloys of Silver. 

The Sihcr-roppn alloys are by far the most important of 
these bodies comme. cmlly. The addition of copper to silver 
loweis its melting point, pievents it from “sprouting, on 
solidification, and makes it harder without sensibly impairing 
its malleability or altering its colour. The melting points 



Fig 25 — Freezing Points of the Alloys of Silvei and Copper 
of the senes of alloys as determined by Eobeits-Austen 1 
and by Heyeock and Neville 2 aie shown in Fig 26. Levol’s 
alloy, containing 71 89 per cent, of silver or 60 atoms of 
silver per cent , is the eutectic alloy, melting at 778°, the 
lowest temperature of any of the senes. This alloy is per- 
fectly homogeneous, and has been used for coinage purposes 
for circulation m the Dutch Indies. It is not, however, 
i Jom Soi Arts, March, 1897 

» phi Trans. Boy Soc , Yol CLXXXIX. (189i), p 2 o. 
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especially well fitted foi manufacture into coin, as it is 
haider and less ductile than the otliei silver -copper alloys. 

Alloys containing more silvei than is contained by the 
eutectic alloy consist of non-homogeneous mixtures, and on 
solidification become richer m silver in the interior than on 
the outside. Tfie difference, however, never exceeds a few 
parts per 1,000. These alloys are largely used for coinage 
and for wares of all kinds. In England the standard for 
both is 92*5 per cent, silver, with 7*5 per cent, copper. 
This is known as “ standard silver.” In the United States, 
France, Germany and most other countries the principal 
coinage alloy contains 90 per cent, silver, and melts at a 
lower temperature than the English standard alloy and is 
slightly harder. The colour of these alloys is almost the 
same. English silver com melts at 890° and Amencan 
coin at 873°. For full details as to the standards of alloys 
used for coinage in various countnes, see Chapter XV., on 
Minting. The silver-copper alloys blacken on being heated 
in the air owing to the formation of oxide of copper, which 
can be removed by hot dilute sulphuric acid. They dissolve 
completely in nitric acid and in boiling concentrated sul- 
phuric acid, but are scarcely affected by hydrochloric acid. 

The Sill ei -zinc alloys rich in silver present some resem- 
blances to the corresponding silver-copper alloys. They are 
malleable and ductile, and take a high polish. The freezing- 
point curve of the series according to Heycock and Neville 1 
and Petrenko 2 is shown m Fig 26. The addition of zinc lowers 
the freezing point of silver, and this continues throughout 
the series, pure zinc having a lower melting point than any 

1 Jour them. Soc , Vol LXXI. (1897), p 407. 

2 Zeit Aiiory. them Vol. XL VIII. (1906), p 147. 
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of the alloys. The alloys with less than 20 per cent, of 
zmc aie malleable, but those with 20 to BO per cent, are 
biittle. These allojs contain the fiist eutectic, which melts 



at 705° and contains 28 per cent of zinc. The alloy corre- 
sponding to the formula AgZn, and containing 87*7 per 
cent, of zmc, shows a lilac-red tint when heated to 300° and 
suddenly cooled, resembling in its colour the alloys AuZn 
and AgCd This colour disappears if the alloy is heated 
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with dilute nitric acid, and hence is probably due to a 
superficial layer of oxide. The alloys containing about 48 
to 50 per cent, ot zinc have a conchoidal fracture with a 
bulliant glassy suiface, and are very buttle. These alloys 
contain the compound Ag 2 Zn 3 . All the alloys, except those 
whose composition is nearly equivalent to AgZn, are of a 
silver-white colour. The best method of preparing them, 
as in the case of the silver-cadmium alloys, is to pour 
molten silver into molten zinc. The latter is kept at a low 
red heat, considerably below its boiling point When this 
method of preparation of the alloy is adopted the loss of zinc 
by volatilisation or oxidation is very small. Besides AgZn 
and Ag 2 Zn a , the compounds Ag 2 Zn 3 and Ag 2 Zn 5 and one of 
about the composition AgZn^ have been shown to exist. 

Silvei and Cadmium . — These alloys are softer, whiter and 
more malleable and ductile than the silvei -copper alloys. 
They consist of isomorphous mixtures of various compounds 
of silver and cadmium, and the alloys nch in silver are 
homogeneous and suitable for the manufacture of tnal 
plates for assay purposes. The compounds AgAM, Ag 2 Cd, 
Ag 3 Cd 2 , AgCd, Ag 2 Cd 3 and AgCd 3 have been shown to exist. 1 
The alloy containing 40 per cent, of silver (Ag 2 Cd 3 ) has a 
brilliant lustre and a conchoidal fracture, and is intensely 
hard and brittle. The compounds Ag 2 Cd 3 and Ag 2 Zn 3 thus 
bear strong resemblances to each other, as do the compounds 
AgZn and AgCd. A violet colour distinguishes the alloys 
with composition nearly equivalent to AgCd, and these 
alloys, like those near in composition to AgZn. undeigo 
allotropic changes at temperatures considerably below their 
melting points. 

1 T. K Eose, Pioc, Hoy S c , Yol. LXXIY (1004), p. 218. 
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tidier and Lead .— Silver and lead mix together in all pro- 
portions while they are molten, but on solidification they 
separate, so that the alloys are not homogeneous. The 
fieezing-point cuive is shown in Fig. 27, which is after 
Petrenko, 1 and is lemarkable for the persistence of the 



Percentage Weight of Lead 

Fig 27 — Freezing Points of the Alloys of Silver and Lead 


eutectic point, which is observable in an alloy containing 
over 99 per cent, of silver. The two metals are m fact 
quite insoluble in each other in the solid state. The eutectic 
alloy, B, contains 2'5 per cent, of silver and solidifies at 
80S 0 . Theie is no evidence that any compounds of silver 
and lead exist. These properties explain the effects of 
the Pattinson process (q.v.) for concentrating the silver 
1 Zeit Awry. C'liem , Vol. LI1I (1907), p 200 
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contained in lead. The curve AB is of a remarkable 
shape. 

Molten lead takes up silver leadily, removing it fiom its 
compounds such as the chloride, sulphide, aisemde, etc. 
Lead also removes silver from its alloys with copper at 
temperatures between the melting point of lead and those 
of the silver-copper alloys. This property was used in the 
old liquation process, now abandoned. On the other hand, 
zinc removes silver from molten lead, forming a zinc-silver 
compound, probably AgZni 2 , which is lighter than lead 
and floats to the top with the dross and surplus zmc, so 
that it can be skimmed off the lead. This is the basis of 
Parke’s process (q.i.). 

When silvei-lead alloys aie melted in the air, the lead is 
oxidised and the silver remains unaltered. At a red heat 
the action is rapid and the litharge produced becomes 
molten and is far less viscous than the molten metals 
The cupellation process is based on these properties. 

In 1858 it was shown by Levol 1 that alloys of silver and 
lead undergo segregation and are not uniform in composi- 
tion. A result of this is that the valuation of aigentiferous 
lead produced in smelting opeiations is a matter of difficulty. 
According to A. C. Claudet, 2 satisfactoiy samples cannot be 
cut from pig lead, and it is necessary to remelt the alloy 
and to take dip samples. 

Silver and Meicmy . — The alloys are called amalgams like 
the other alloys of mereuiy. Suiface action between silver 
and mercury is easy and lapid at the ordinary temperature, 

1 Ann de Glum et Phys , Vol XXXIX (1853), p 173, Percy’s 
“ Silvei and Gold,” p 173 

2 Tram . Inst of Mng and Met , Vol VI (1898), p 29 
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so that silver is at once “ wetted ” by mercury. The inter- 
penetiation of the metals is, however, exceedingly slow, 
though moie lapxd at the boiling point of meieuiy than at 
the ordinary temperature. The crystalline amalgam AgHg 
(containing 35 per cent of silver and 65 per cent, of mei- 
cury) is pioduced m the branching form known as Aibor 
Diana, by prolonged contact of an amalgam of silver and mer- 
cury with a saturated solution of silver and mercury mtiates 
m nitric acid (see Percy’s “ Silvei and Gold,” p. 176). If too 
much mereuiy is present a liquid amalgam only is formed. 

The amount of silver dissolved by liquid mercury, and 
remaining m it after the solid amalgam has been filtered 
off, is stated to vary with the piessure to which the amalgam 
is subjected. This seems to be improbable. The amount 
of dissolved silver is variously stated at fiom 0 05 to 15 
per cent. The composition of solid amalgam undoubtedly 
varies with the pressuie duung filtration and with the size 
of the particles of silver, which areraiely fully amalgamated 
to their centie. Before filteiing, the solid amalgam floats 
to the top of the mercury. 

Mercury decomposes a number of compounds of silver, 
such as the chloride and bromide, forming mercury chloride, 
bromide, etc., and amalgams of silver. 

Silvei - tin Alloys . — These alloys are silver-white in colour 
and are in general somewhat brittle and haid. The alloys 
containing between 40 and 60 pei cent, of silver aie used 
by dentists 1 They aie mixed with about an equal weight 
of mercury, and amalgams are formed which are pasty at 
first and subsequently become hard. The full degree of 
hardness is not attained until 24 or 48 hours after the 
1 E. A. Smith, “Silvei Alloys of Industnal Importance,” 1901. 
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mixing with mercury, and some molecular change evidently^ 
takes place gradually. * 

The thermic study of these alloys by Petrenko 1 shows 
that only one compound, Ag 3 Sn, exists, containing 26 7 
per cent, of tin, and that theie is only one homogeneous 



Percentage Weight oF Tin 

Fio 28 — Fieezmg Points of tke Alloys of Silver and Tin 

alloy, the eutectic mixture, which contains 8 5 per cent, of 
tin and solidifies at 220°, or 8° below the melting point 
of tin. The thermic diagram of these alloys is shown m 
Fig. 28. The compound Ag 3 Sn undergoes a polymorphic 
change at 232°. Fig. 29 shows the stiucture of the 20 per 
1 Zeit Anorg . Cheni Yol LIII. (1907), p 204. 
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cent, tin alloy, after attack by hydrogen peroxide and 
ammonia, magnified twenty-four diameters. Both these 
diagrams are after Petrenko. 

Silver and Platinum . — These alloys are also used m 
dentistry. The first additions of platinum to silver raise the 
melting point of the latter, and the dental alloys which 
contain from 25 to 85 per cent, of platinum lequire a high 
temperature for their preparation. They are hard but ductile, 

and do not readily tarnish. 
The alloy containing 88*3 per 
cent, of platinum has been 
used as a standard of electrical 
resistance. The platmum- 
silver alloys aie also used m 
jewellery. As the proportion 
ot platinum is increased the 
alloys formed aie less ductile 
and harder. The metals do 
not readily mix, the platinum 
having a strong tendency to * 
settle to the bottom in molten mixtures on account of its 
high density Platinum in its alloys with silver is soluble 
to some extent in nitric acid, so that it can be partly 
separated from gold by the nitiic acid parting process 
(see below under “ Assay of Platinum,” Chapter XVII.). 
When these alloys are attacked by boiling concentrated 
sulphuric acid, the silver dissolves and the platinum 
remains undissolved. 

The freezing-point curves of the alloys have been 
examined by Doerinckel, 1 who melted them m a carbon- 

1 Zeit Anw'y Chem , Vol LIV. (1907), p 333 
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resistance electiic furnace, and measured temperatures by 
a thermocouple of platinum and platinum-rhodium. The 
alloys containing more than 80 per cent, platinum were 
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Eig. 30 — Eieezing Points of Alloys of Silver and 
Platinum 

not examined. The diagram of freezing points is shown 
in Fig. 80. The curve ABC gives the initial fieezmg 
points of the alloys (liquidus curve), and AED?> the points 
where solidification is completed It is uncertain whether 
pure platinum or mixed crystals rich m platinum separate 
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along the line BC. It is clear that the alloys when solidi- 
fied from fusion are not homogeneous, but separate into 
two constituents. When alloys containing between 80 and 
45 per cent, of platinum are reheated at 1,150° to 1,180° for 
six hours, they tend to become homogeneous. 

Sihc ) and Aluminium . — The preparation of the alloys 

rich m silver pre- 
sents some difficul- 
ties owing to the 
low density of 
aluminium and the 
tendency it has to 
eovei itself with a 
skin of oxide which 
is not easily bioken 
thiough. The best 
method is to melt 
aluminium and to 
poui molten silver 
into it The alloys 
containing from 0 
to 4 per cent, of 
aluminium and also those containing from 7 72 to 11*8 per 
cent, easily receive a fine polish, because they contain only 
one structural element 1 Most of the alloys are not homo- 
geneous (see Fig. 81, which is the alloy containing 6 per 
cent, aluminium magnified thirty diameters). There is a 
eutectic melting at 567° and containing 80 per cent, of 
aluminium, and two compounds have been found to exist, 
AlAg 2 and AlAg 3 . 

1 Petrenko, Zeit Autry Chem , VoL XLYL (1905), p 49. 
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Sihei and Bismuth form a series of alloys similar m 
properties to the silvei-lead alloys. Theie is a eutectic 
melting at 262° and containing 2 5 per cent, of silver. The 
eutectic persists almost to the pure silver end of the senes, 
making all the alloys brittle. By annealing for two or three 
hours at 260° to 270°, however, the bismuth is dissolved m 
the silver if less than 5 per cent, of bismuth is present, 1 
and under these circumstances these alloys become ductile. 
When copper is added to the alloys, however, bismuth is no 
longer soluble m the silver, and annealing is not in that 
case sufficient to cuie the brittleness if more than a trace 
of bismuth is present Gowland found some silver ingots 
(received at the Japanese Mint bom certain Japanese 
refinenes) to be buttle owing to the presence of bismuth. 2 

Sihei and Nickel form homogeneous alloys if the silver 
does not exceed 4 per cent. These alloys fuse at tempera- 
tures above 1,464°. If more silver is present, the alloys 
separate into two layers, the nickel with 4 per cent, of 
silver floating on the top of nearly pure silver. Silver 
does not mix at all with non or cobalt . 

Silt ei and Palladium mix in all proportions, forming a 
series resembling the gold-palladium alloys. 

Sihei and Thallium? — Theseries of alloys closely resemble 
those of silver and lead and of silver and bismuth The 
eutectic alloy contains 2*5 pet cent, of silver and solidifies at 
287°. As much as 10 per cent, of thallium, however, dis- 
solves m silver, forming homogeneous ductile alloys When 
alloys rich m silvei are melted, thallium is rapidly volatilised. 

1 Petrenko, Zeit Anouj (hem , Yol L (1006), p 136 

a Jam them Sot , Yol LI (1887), p 410 

s Petxenko, Zeit Anory ('hem, Yol L (1906), p 133; Poitevin, 
Revue de Metallic) gie f 1908, p 159 
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COMPOUNDS AND ORES OF SILVER 

Sili a oxide , Ag 2 0, is formed by heating finely divided 
silver with cupric oxide, red lead, or manganese dioxide, 
and in presence of one of these oxides is not decomposed 
even at a blight red heat. When heated alone it is 
decomposed into silver and oxygen at tempeiatures between 
250° and 300°, but Troost and Hautefeuille showed that at 
about 1,400° silver unites with oxygen with the formation 
of Ag^O. 1 At a red heat Ag 2 0 is immediately decomposed, 
and cannot be foimed m the absence of other metallic 
oxides. W T ait showed 2 that m a uch litharge containing 
2*94 per cent, of silver, about 19 per cent, of the silver was 
soluble in acetic acid, and must be assumed to have been 
in the form of oxide, as metallic silver is not attacked by 
acetic acid. Silvei oxide may be prepared by adding baryta 
water to a solution of silver nitrate, and washing and dry- 
ing the precipitate. Thus prepared, it is a powder of a deep 
brownish-olive colour, and has a density of 7*1. 

Siker sulphide , Ag 2 S, is prepared in the dry way by 
melting together silver and sulphur, when a dark grey 
crystalline substance results, resembling the native sulphide, 
argentite, in its properties. It has a feebly metallic lustre, 

1 Cwnptes Jiendtis, Vol LXXXIV (1877), p 948. 

2 Trans. Am. Inst Mng Eng , Vol. XV, p, 423 
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and is opaque, easily sectile and slightly malleable. Its 
density is 6*85. 

It is also formed by the action of aqueous solutions of 
alkaline sulphides on metallic silver, although far less 
rapidly than in the dry way at high temperatures Silver 
is rapidly tarnished with the formation of Ag 2 S by the 
action of sulphuretted hydrogen gas or by being lubbed 
with sulphur. Silver sulphide is precipitated from silver 
solutions by H 2 S or by soluble sulphides. 

It is soluble in cyanide of potassium, especially m hot 
strong solutions. This property is useful in removing the 
tarnish from silver articles when polishing is impossible or 
undesirable. Sulphide of silver is acted on by nitric acid 
with the formation of nitrate of silver and the separation of 
sulphur. “Oxidised” silver is silvei coated with Ag 2 S. 
It is prepared by dipping the articles to be “ oxidised ” into 
a hot solution of potassium sulphide. 

Friedrich and Leroux have shown 1 that silver sulphide 
solidifies at 806°, and that all mixtures of silver and sulphide 
of silver containing more than about 18 per cent, of Ag 2 S 
solidify at 906°, any excess of AgaS over 18 per cent, 
solidifying at 806°. If moie than 18 per cent. Ag 2 S is 
present, the two substances are not miscible even m the 
liquid state, but separate into layers. 

Sulphide of silver readily mixes with other metallic 
sulphides when they are melted together, so that in smelt- 
ing, silver is readily concentrated m a matte. When fused 
by itself, sulphide of silver loses a little sulphur, and the 
remainder of the sulphur may be removed by fusion with 
metallic iron, when sulphide of non and metallic silver 
1 Metall U7 gte, Yol III. (1906), p. 361 

P.M. L 
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results. Copper 1 educes silver from its fused sulphide only 
impeifeetlj r , but the sulphide is reduced to metallic silver 
when heated m ah, steam or hydiogen. When copper 
sulphide is mixed with silver sulphide and the mixture is 
heated in air, sulphate of copper is produced, and at a led 
heat gaseous SO3 is given off and silver sulphate and oxide 
of copper remain. If the temperature is too high, or if the 
action is prolonged for some time, the silver sulphate is 
split up and metallic silver remains. 

Silver sulphide is converted into chloride by being roasted 
with common salt in the presence of air, or by the aeuon of 
chlorine vatei, chlorine gas or hydrochloric acid, especially 
with the aid of heat. Even m cold solutions cuprous 
chloride and cupric chlonde act similarly onsilvei sulphide, 
the reactions being partly represented by the following 
equations : — 

AgiS + CuCl 2 = 2AgCl + CuS 
Ag 2 S + Cu 2 Cl 2 = 2AgCl + CuS + Cu. 

The action is facilitated by boiling. Some metallic silver 
is also produced, accoidmg to the equation — 

Ag 2 S -f- CU2CI2 — 2Ag *4" CuS -j- CuCl 2 * 

Sodium - copper thiosulphate (4Na 2 S203 3CU2S2O3) was 
shown by Eussell to decompose silver sulphide, the silver 
going into solution as thiosulphate, with the formation 
of copper sulphide. Ordinary sodium thiosulphate, how- 
ever, does not act on silver sulphide. Alkaline cyanides 
dissolve Ag 2 S, and it is decomposed by mercury, the action 
being rapid m the presence of metallic iron, especially on 
heating. 

These properties of silver sulphide are of importance in 
the extraction of silver fiom its ores. 
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Sili e) chlonde, AgCL This compound is usually pre- 
pared by adding hydiochloiic acid or a soluble chlonde 
such as common salt to a solution of silver nitrate. It is 
thrown down as a white, curdy, amoiphous precipitate which 
can be made to settle by shaking, or less leadily by stirring 
and heating. It is readily washed by decantation. 

Silver chloride is also formed by the action of chlorine 
gas on metallic silver and on certain compounds of silver. 
This action takes place at ordinary temperatures, but is 
expedited by heat, and at a red heat most of the compounds 
of silver are converted into the chlonde. 

Silver chloiide precipitate is a w r hite anhydrous powder. 
Its density is 5*5. It fuses at 360 u to a reddish-yellow 
liquid, which is readily absoibed by unglazed clay crucibles. 
It is volatilised without decomposition at a bright led heat 
When solidified after fusion it is waxy in appearance, and 
is translucent, sectile and tough. Thin plates of it are 
flexible and almost transparent, and have a horn-like 
appearance. In this state it is sometimes called hom-silier . 
The mineral Kcungynte , which consists of AgCl, resembles 
horn-silver m appearance. 

Silver chloride is darkened by exposure to light owing 
to the formation of oxychloride of silver, Ag 2 C10. The 
darkening is checked by the presence of an excess of hydio- 
ehlonc acid, and increased by an excess of silver nitrate m 
solution If is entirely prevented by the presence of 
chloride of mercury. 

Silver chloride is very insoluble in water. Silver can be 
readily detected in water containing one-millionth of its 
weight of silver in solution as nitrate, by the addition of 
hydrochlone acid. Stas detected far smaller quantities of 

l 2 
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silver in solution than this. Silver chloride is, however, 
perceptibly soluble in stiong nitnc acid, especially when 
the acid is hot, and is moie readily soluble m hydiochlonc 
acid and m a number of chlorides, as shown m the following 
table 1 — 


Solution 

Peicentage of Salt con- 
tained m tlie Solution 

Temperature 

AgCl contained in one 
Litre 

Water 



18' 

°C 

0 0015 

gram 

KCl 

24 

95 

19 

6 ° 

c 

0 914 

» 5 

NaCl 

25 

96 

19 

6 ° 

c 

1 270 

9 9 

NH 4 C1 

28 

45 

30 

o°o 

3 673 

9 1 

CaCL 

41 

26 

30 

0 ° 

c 

8 350 

,, 

MgCl 2 

36 

35 

30 

o c 

0 

7 095 

9 9 

EeCl 2 

37' 

48 

21 

4° 

c 

0 0S5 

5 1 

Ee 2 Cl fi 

30 

70 

20 

0 ° 

c 


> j 

Cu Cl 2 

44 

48 

30 

0 ° 

e 

0833 

5 > 


The solubility m hot solutions is greater. Silver chlonde 
is freely soluble m ammonia, in cyanides of the alkalies 
and in thiosulphate of sodium. After fusion it dissolves 
with much difficulty. 

It is decomposed by mercury with the formation of 
mercurous chloiide and silver amalgam, and is also reduced 
by many other metals, such as zinc, iron, etc. Zinc or iron 
in the piesence of water and a little hydrochloric or 
sulphuric acid reduces silver chloride rapidly at the 
ordinary temperature. The end of the action is signalised 
by a vigorous evolution of hydrogen, which is prevented 
from making its appearance by being converted into 
hydrochloric acid so long as some silver chloride remains 
undecomposed. 

Silver chloride is also reduced by alkalies and the 
1 Vondracek, Bevitt cle Metallurgies September, 1908, p. 678. 
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alkaline carbonates at a led heat. The leaction may be 
represented as follows — 

4AgCl + 2Na 2 C0 3 = 4Ag + 4NaCl + 2C0 2 + 0 2 . 

It is also reduced by cuprous chloride in ammomaeal 
solution or by being heated with charcoal. 

Silver bromide , AgBi, is a pale yellow powder of density 
6*25, melting at 434° to a red liquid. It can be prepared 
by precipitating silver nitrate with a soluble bromide. Its 
properties resemble those of silver chloride, but it is less 
soluble in water and other solvents. Sodium bromide has 
long been used instead of sodium chloride at the Utiecht 
Mint for the precipitation of silver in the volumetric 
process of assay. Silver bromide is dissolved by potassium 
bromide. It darkens rapidly when exposed to light. 

Siher iodide , Agl, is a pale yellow powder, melting at 
527° to a red liquid. On solidification a substance is 
produced which is yellow, transparent and flexible above 
142°, and pale gieen, opaque, brittle and crystalline below 
142°. Silver iodide is almost insoluble in water and m 
alkaline chlorides, and is only slightly soluble in ammonia 
(one part in 2,510 parts), but it is soluble in cyanide and 
thiosulphate solutions, and in a concentiated solution of 
potassium iodide. 

Siher cyanide , AgCy, is obtained as a white curdy pre- 
cipitate by the addition of a soluble cyanide to a solution 
of silver nitrate In its properties it resembles the haloid 
silver salts, but it is not darkened by light. It is soluble m 
molecular proportions m potassium cyanide, thus — 

AgCy + KCy = KAgCy 2 . 

It is decomposed, like the haloid salts, by stiong sulphuric 
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acid. It is also decomposed by hydrochloric acid and by 
nitric acid with evolution of HCy. When heated it is 
decomposed, cyanogen being given off and metallic silver 
remaining as a lesidue. Its density is 8*95. 

Siher-potassium cyanide , KAgOya? is crystalline, forming 
anhydrous transjiaient regular octahedra, soluble in 4*7 
paits of water at 20° and in 25 parts of alcohol. It is 
foimed m solution by dissolving AgCy or AgCl in KCy, 
and also by the action of cyanide solutions on metallic 
silver in the presence of air or certain .ether oxidising 
agents. The reaction may be represented as fo|£ows . — 

2x\g -f- 4RCy — R 0 — j — U 2 O = 2IvAgCy2 *4" 2KOH. 

Silver potassium cyanide is decomposed by acids, AgCy 
being precipitated. The silver is precipitated from a 
solution of KAgCya by a current of electricity and by 
certain metals, such as zinc, copper, etc., of which zinc is 
used on the large scale in the cyanide process. The 
solution of this salt is used for electro-plating. 

Siher jut) ate, AgN0 3 , occurs in colourless transparent 
crystalline plates, unalterable at ordinary temperatures in 
the air and having a density of 4 85. It melts at 198°, and 
the fused salt after solidification is the form of silver nitrate 
commonly known as lunar caustic which is used by surgeons. 
At a low red heat silver nitrate is reduced to the metallic 
state. It dissolves m 0*788 of its weight of water at 11°, 
and m half its weight of water at the boiling point. 

Siher tellundc , Ag 2 Te, and Siher selenide , Ag 2 Se, re- 
semble the sulphide in their properties, and occur native. 
Like the sulphide, when roasted in air they offer consider- 
able resistance to oxidation. 
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Silier sulphate , Ag 2 S0 4 , is foimed at a red heat by the 
action of sulphates on silver sulphide. Copper sulphate is 
particularly suitable for effecting this conversion. It is also 
f 01 rued when silver is dissolved in sulphune acid, and when 
it is heated with acid sulphates. Silver sulphate is.fieely 
soluble m hot concentrated sulphuric acid, but is far less 
soluble in cold acid and m water. Copper, iron or zinc 
precipitates silver from solutions of the sulphate. 

Silver sulphate is decomposed at a bright red heat into 
silver, oxygen and sulphur dioxide. It is converted into 
silver chloride by being roasted with common salt at a red 
heat. 

Silver antimonate and Silver ai senate are formed in the 
roasting of antimonial and arsenical silver ores They are 
stable at high temperatures, but can be i educed by heating 
with charcoal or metallic lead. They are also convertible 
into silver chloride by roasting with salt, but are not 
reduced by meicury at the ordinary temperatures. 


Silver Ores. 

Silver occurs native, but unlike gold it is generally 
combined with other elements m its ores. Native silver, 
together with horn-silver, AgCl, bromite, AgBi, etc., are 
found m the oxidised portions of lodes near the surface. At 
deeper levels these are replaced by argentifeious sulphides, 
arsenides and antimomdes. 

Native Silver , Ag, occurs in cubes and octakedra, usually 
m aggregates which take a filiform 01 dendritic shape. It 
also occurs massive and in laminae. It has been found 
in consideiable masses at Kongsberg, in Norway, w T here it 
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is the pimcipal ore. The largest mass recorded by 
Daubiee weighed 697 kilogiams, or 22,409 oz. Troy, 
Laige amounts of native silvei were also found in the 
great Comstock lode, and great quantities have been 
exti acted m various localities m Mexico and South America, 
at Freiberg and at Broken Hill. Native silver is some- 
times over 990 fine, but it generally contains such 
impurities as gold, copper, etc. The alloy of silver and 
mercury (silver amalgam) occuis native. 

Aigentite, Ag 2 S, is one of the most impoitant ores of 
silver. It occurs m black, soft, sectile crystals and masses, 
which are usually puie, containing 87*1 per cent, of silver. 
Its density is 7*2 oi 7*8. It occurs in great TfSantities at 
the Comstock lode, Nevada, m Mexico, and m many other 
localities. 

Other widely distributed sulphides are the ruby silver 
ores, poustite , 3Ag 2 S + AS2S3, pyuugynte , 3Ag 2 S + Sb 2 S3, 
and brittle silver ore, or stephamte , 5Ag 2 S + Sb 2 S 3 . 
Fahlore, or grey silvei, another impoitant ore, is a mix- 
ture of antimony and arsenic sulphides with sulphides 
of silver, mercury, copper, zme and n*on. Its foimula is 
4(Ag 2 Hg.CuFeZn)S + (Sbx^s) 2 S 3 . It may contain any pro- 
portion of silver up to 81 per cent., arsenical grey silver 
being poorer than the antimonial varieties. It occuis in 
Germany, the Tyrol, Bolivia, Nevada, Mexico, Colorado, etc. 

Polybasite, 9(Ag 2 Cu)S + (SbAs) 2 S3, is also a commonly 
occurring mineral, especially m America. 

Other sulphide minerals containing silver, but less 
important as ores than those given above, are castilhte, 
(CuAg) 2 S.2(CuPbZnFe)S ; cosahte, 2(Ag 2 Pb)S.Bi 2 S 3 ; dys - 
crasite , Ag 3 Sb ; freieslebemte, 5(Ag 2 Pb)S.2Sb 2 S3, and sUo- 



COMPOUNDS AND ORES OE SILVER 


153 


mey ente , Ag 2 S Cu 2 S. Hessite, Ag 2 Te, and petzite , a tellu- 
nde of gold and silver, aie also of some importance as 
oies. 

The haloid oies, Kerargynte, AgCI, and embohte , Ag(ClBr) 
are also very abundant m the upper oxidised zones of 
lodes m South America, Mexico, etc Many of these have 
now been worked out. Bromite, AgBr, and zodite, Agl, aie 
not very abundant. 

There are many other minerals containing silver 
desciibed by mineralogists, but they are not impoitant to 
mmeis or metallurgists. Among these are Naumanmte, 
Ag 2 Se, and other selemdes, chilenite , Ag 6 Bi, and a number 
of complex sulphides. Several silver minerals often occur 
togethei m the same mine. 

Silver also occurs m the ores of lead, copper, zinc, 
nickel, etc. Galena often contains considerable amounts 
of silver (up to 5 per cent ), and zinc blende, ZnS, chalco- 
pyrite, CuS.FeS.PeS 2 , bournomte and other minerals also 
yield much silver. Sometimes the silver replaces one of 
the base metals in these minerals, but it is often not an 
essential part of the mineral, occurring m the form of thm 
films which separate the crystal faces or are situated along 
the cleavage planes. 



CHAPTER XI 


THE EXTRACTION OF SILVER FROM ITS ORES 

Silver is extracted fiom its ores by methods which may 
be classified as follows — 

1. Amalgamation processes. 

2. Lixiviation „ 

8. Smelting „ 

4. Electiolytic ,, 

These are described in succession below. 

1. Amalgamation Processes. 

Native silver, together with chloride, bromide, chloro- 
bromide and iodide of silver can be amalgamated direct by 
grinding with mercmy without any special preparation. 
The haloid salts are decomposed with the formation of 
silver amalgam and haloid compounds of mercury. 

Owing to its lower density and its habit ot being in 
combination, however, silver cannot be extracted from its 
ores by amalgamation so easily and completely as gold. 
When crushed in stamp batteries and passed over amalga- 
mated tables silver ores yield only small percentages of their 
silver contents. More prolonged and intimate contact with 
the mercury is required, and this is obtained in various ways. 

Silver sulphide is decomposed by mercury, metallic 
silver being set fiee and amalgamated and sulphide of 
mercury being produced, but the action is very slow. 



THE EXTRACTION OF SILVER FROM ITS ORES loo 


Arsenical and antimomal silver compounds are still less 
easy to amalgamate, and the action is always incomplete 
Ores containing sulphides, arsenides and antimonides are 
accoidmgly treated by roasting with salt, or by the use of 
various chemicals, in order to convert the refractory silver 
compounds into silver chlonde or metallic silver, before 
they are subjected to amalgamation. 

, Direct amalgamation has been used on rich ores containing 
native silver and silver chloride and only small quantities 
of sulphides. In the tina process, formerly employed at 
Kongsberg, Norway, and in Chile and Peru, the ore was 
crushed m edge-runner or Chilian mills and then amalga- 
mated in tmas or wooden tubs with iron bottoms. The 
charge was stirred and ground by means of iron agitators 
with water and a large quantity of mercury, most of which 
remained as a pool at the bottom of the tub. The agita- 
tion was continued for a few hours, and the mercury was 
then drawn off and filtered through canvas for the 
sepai ation of the amalgam. The ore and water was run 
off into settling pits for further treatment if necessary. 

The amastta was also used for direct amalgamation. It 
consists of a shallow circular pit, with its floor constructed 
of a layer of hard stones, over which other stones are 
dragged. The drag-stones are attached to horizontal arms 
piojeetmg from a vertical revolving shaft in the centre. 
The ore is ground between the diag-stones and the pave- 
ment with meicury and a little water. Very small 
quantities of mercury w T ere used, because liquid mercury 
would escape thiough the pavement This machine was 
introduced into Amenca in 1557, at the same time as the 
patio process. 
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In the patio process , which has been used in Mexico for 
over 800 years, the ore is coarsely crushed in stamp-nnlls 
or Chilian mills, and subsequently ground fine m arrastras. 
Mercury is added to the pulp in the anastra to collect the 
gold and the native silver. The fine pulp is then diluted 
to allow the amalgam to separate by settling, and the pulp 
is subsequently run off or baled out and conveyed to a 
paved courtyard called the patio. Here it is allowed to dry 
partly and is then spaded ovei and additions made of mercury, 
common salt, and either sulphate of copper or magistral , a 
mixture of CuS0 4 , FeSOi and oxides, formei by roasting 
copper carbonate ores with pyrites. After each addition 
the heap of ore, or toiia , is mixed with the chemicals, 
usually by being trodden over by mules. The torta 
becomes hot owing to the chemical actions, and water is 
sometimes sprinkled on if the mixture becomes too dry 
After the lapse of some time and much mixing, the 
sulphides of silver are decomposed by the cupric chloride 
formed from the inter action of CuS0 4 and NaCl. 

The reaction may be expressed thus : — 

Ag 2 S + CuCl 2 = 2AgCl + CuS. 

The chemical action is due entirely to the difference of the 
solubilities, which explains the facts that pure sulphate of 
copper reacts only feebly with sulphide of silver, and that 
the reaction is accelerated by sodium chloride 1 

As to complex sulphides, they are decomposed as follows, 
under favourable conditions : — 

2Ag 3 AsS 3 + 3 CuC 1 2 = 6AgCl + 8CuS + As 2 S 3 
2Ag 3 SbS 3 + 8 CuC 1 2 == 6AgCl + 3CuS + Sb 2 S 3 . 

1 Yondracek, Revue UmuerseJle des Mines et de Metcdlm gte, Yol XTTL 
(1908;, 4th series, p 105, Revue de Metallurgies Septembei, 1908, p 618 
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Generally, however, some sulphur is set free 1 

In a similar way cuprous chloiide can decompose silver 
sulphide, thus — 

2Ag 2 S + Cu 2 Cl 2 = 2AgCl + 2CuS + 2Ag. 

There is also chloride of iron present in the torta, and 
this gives the equation — 

Ag 2 S “4“ Fe 2 Cl 6 ^ S -j- 2AgCl -}- 2FeCl2* 

Finally the silver chloride is reduced by mercury with 
the production of silver amalgam and calomel, thus . — 

2AgCl + 2Hg = Hg 2 Cl 2 + 2Ag. 

Although all the compounds of silver, when in solution, 
can be reduced by mercury as well as by zinc, copper and 
iron, this is not of much use in practice, because the 
sulphide and sulphantimonide of silver are almost in* 
soluble, and are decomposed by mercury very slowly. It is 
necessary to hasten the operation by previous conversion 
of these compounds into the chloride. 

Some action takes place m the following manner : — 

2CuC 1 2 + 2Hg = Cu 2 Cl 2 + Hg 2 Cl 2 
2 CuC 1 2 + 2Ag = Cu 2 Cl 2 + 2AgCl 

but Yondracek does not consider these reactions to be im- 
portant, partly because the loss of mercury which they 
would entail would be greater than that found in practice. 
The loss of mercury, according to the equation given above, 

2AgCl + 2Hg = Hg 2 Cl 2 + 2Ag, 

corresponds to 400 parts of mercury for each 216 parts of 
silver recovered. In practice the loss is only about 330 


1 Loe, cit. 
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parts of mercury to 216 paits of silver obtained, 1 owing 
doubtless to the presence of metallic silver m the oies and 
also to the fact that cuprous chloride i educes some sulphide 
of silver directly to the metallic state. The action of cuprous 
chloride, however, is never great. 

The period of amalgamation in the torta usually lasts 
from two to four weeks, samples being examined daily to 
determine the progress of the reactions. The process is 
suitable only to countries with a w r arm dry climate. Even 
in Mexico cold weather sometimes delays the amalgamation, 
and falls of rain dilute the pulp, so that further additions of 
chemicals are required. * 

When the amalgamation is complete, some more mercury 
is incorporated with the torta to assist in collecting the 
amalgam. The mixture is then washed m tanks or tubs 
generally supplied with revolving stirring-arms. The 
amalgam and heavier parts of the ore settle to the bottom 
and the remainder is run off through plug-holes. The 
amalgam is washed free fiom sulphides m bateas, and the 
concentrates in later times were shipped to smelting works. 
The amalgam is strained through filter-bags to separate 
the excess mercury, and it is then pressed into cakes 
and retorted. 

The patio process is now becoming obsolete partly as 
a result of the introduction of better means of communi- 
cation into Mexico, but it has been of vital importance in 
that country m the past Many ores yield about 75 per 
cent, of their silver when treated by the process, without 
the use of much fuel or of expensive machinery. 

The cazo or caldion yiocess is a simple method of 


1 hoc. at. 
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treating surface ores containing silver, either native or m 
the form of chloride oi biomide. It was foimerly in use 
in Peru and Mexico, but has now been diseaided m most 
localities. The ore, after being crushed m stamp-mills and 
ground fine m arrastras, was chaiged into amalgamating 
vessels with mercury and common salt. The small vessels 
originally employed weie called cazos and consisted entirely 
of copper, but in later times vessels of larger size with 
wooden sides and coppei bottoms came into use. The larger- 
sized vessel was called fonclon in Mexico, and was 6 or 
7 feet m diameter and 2 J to 3 feet deep. The vessel was 
heated over a fire, and the chaige of oie and w T ater raised 
to boiling. Common salt was then added with continuous 
stirring and when it was dissolved seveial successive addi- 
tions of mercury were made. In the fondon, two copper 
blocks fastened to arms attached to a vertical revolving 
shaft were dragged round on the copper bottom by mule 
power. The boiling and stirring was continued for about six 
hours, and the charge was then run off and washed foi the 
recovery of the mercury and amalgam. Effoits w 7 ere made 
to prevent the adherence of the mercury to the copper. 

In this method the silver chloride dissolved m common 
salt is reduced to metallic silver by the copper, but 
sulphide of silver is not decomposed and remains in the 
tailings. “ - 

It was the tendency of the amalgam to adhere to the 
copper plates in this process which probably furnished the 
idea of using amalgamated copper plates m gold-mills. 

The Francke-tma, ptvcess is another process of amal- 
gamation, the use of which is confined to South and 
Central America The ore after being crushed is roasted 
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with salt in reverberatory furnaces, with the object 
of convex ting sulphides of silver into chloride. The 
chloiidised pulp is then treated m turns , or pans with 
wooden sides and copper 01 bronze bottoms. A solution 
of 10 per cent, of sea salt is added to the pulp, and the 
charge is sthred with wooden or iron mullers provided with 
copper shoes and is heated by means of steam. Mercury is 
added at intervals, but soluble copper salts aie not added, 
as they are contained in the roasted ore and are dissolved 
from the copper bottom or sole-plate and the copper side- 
plates which are fixed to the wood inside. ^tThe silver 
chloride and metallic silver are amalgamated. The 
chemical reactions which take place have the effect of 
causing metallic copper to be dissolved, and the sole-plate 
is worn out and lequires renewal m a few months. 

The Kionke piocess, which was introduced into Chile 
in 1860, depends on the use of a hot solution of cuprous 
chloride in common salt for the decomposition of the refrac- 
tory silver compounds. The silver is finally i educed to the 
metallic state by means of an amalgam of zinc or lead. 

The ciushed ore is treated in rotating wooden barrels with 
about 40 per cent, of its weight of the solution, which makes 
a thick mud with the ore. The solution is prepared by 
adding common salt to a strong solution of copper sulphate 
until no more is dissolved. The cupric chloride so formed 
is afterwards conveited into cuprous chloride by heating 
it with metallic copper. The cuprous chloride remains 
dissolved m the common salt. The solution is then slightly 
acidulated with sulphuric acid and used at once, being 
charged-in hot. 

After the barrel has been rotated for about half an hour, 
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mercuiy is added, with a small quantity of lead or zinc 
amalgam dissolved in it. The amount of mercury is 10 
per cent, or more of the weight of the ore. After rotating 
foi four to six hours longer, the ban el is filled with cold 
water and lotated less rapidly for an hour or more to 
collect the mercury and amalgam. The barrel is then 
emptied, and the amalgam is purified by a hot solution of 
cupric chloride and finally by tieatment with ammonium 
carbonate. The process is suitable for treating highly 
refractory ores. 

The pan amalgamation process is doubtless an outcome 
of the cazo and fondon processes, although it also bears 
some resemblance to the obsolete Freiberg bairel amalga- 
mation process, in which ores, after being roasted with 
salt, were tieated in rotating bairels with mercury, iion 
and water The ore is generally crushed in stamp battenes, 
either wet or dry, double-discharge mortars being used m 
either case. In the Washoe piocess the pulp is charged 
into amalgamating pans (see Fig. 82) with water and 
mercuiy. The pan is a flat-bottomed circular vessel 
about 5 feet m diameter and 2 feet 6 inches deep, with a 
capacity of about 1J tons of ore at a charge. The bottom 
is of iron, with an iron flange reaching about to the top 
of the muller, and the lest of the sides are of wood. In 
the centie is a vertical revolving shaft carrying hori- 
zontal iron aims or mullers. These can be loweied 
so as to touch the bottom, or raised some distance. At 
first they are loweied, and the pulp is ground fine between 
them and the bottom, detachable shoes and dies being used 
to take up the wear. After the pulp has been completely 
slimed, the mullers are raised by about half an inch, mercury 

P.M. M 
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Fig. 32. — Amalgamating Pan . Fraser and Chalmers Pattern. 
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is added, and the charge is stiued by the mullers for some 
time longer. The thickness of the pulp is such that globules 
of mercury become dispersed through it without sinking to 
the bottom. The amalgamating pans are heated by steam 
jackets at the bottom, and amalgamation is also promoted 
by the addition of chemicals, such as sulphate of copper 
and common salt. These act m the same way as m the 
patio process, but far more rapidly owing to the higher 
temperature in the pan. The metallic iron of the pan is 
also serviceable in decomposing sulphide and chloride of 
silver. Caustic alkalies are sometimes used to remove 
grease which may have been introduced into the ore from 
the machinery. 

When the amalgamation is complete — that is, after about 
four hours — the speed of the mullers is reduced from their 
ordinary late of 60 or 80 revolutions per minute to about 
80 or 40 revolutions per minute, and the pulp is diluted by 
filling the pan to the top with water. A few minutes later 
the amalgam, now for the most part collected at the bottom 
of the pan, is drawn off into a bowl, and the pulp is run off 
through plug-holes into the settling pan. This is a vessel 
similar to the amalgamating pan, but larger (8 feet or more 
in diameter), and provided with wooden shoes to the mullers. 
The bottom of the settling pan slopes down from the middle 
towards the periphery, where an annular groove is pro- 
vided to collect the mercury. This is drawn off either at 
intervals or continuously through a mercury trap. 

In the settling pan the pulp is further diluted and the 
pulp is stirred, the mullers revolving at the rate of 10 or 
20 revolutions per minute. The lighter parts of the pulp 
are thus kept in suspension, whilst the mercury, amalgam, 

m 2 
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particles of iion, and the heavier portions of the ore settle 
to the bottom. The settling process is usually arranged 
so that the settler can be disehaiged and prepared for the 
nest charge as soon as it is ready for transference from 
the amalgamating pan. Plugs at different levels in the 
side of the settler are withdrawn successively and the 
muddy liquid run off, stirring being continuous. The 
amalgam and mercury from the settler are mixed with 
that from the pan, and the whole is treated together. 
Sometimes no mercury is separated in the amalgamating 
pan, but the whole charge is transferred to the settler. 

In some mills the continuous process of pan amalgamation 
is in use, the pulp passing automatically through a series 
of pans, the first two or three of which aie ananged for 
grinding. 

The treatment of the amalgam, by whichever process it 
is obtained, begins with the addition of more mercury, and 
it is then stirred with water in a clean-up pan or rotating 
barrel for some hours. The impurities in the amalgam 
are thus removed and carried off suspended in the water, 
and the mercury is then strained through conical bags of 
canvas. These are suspended from an iron ring and kept 
in a lock-up safe. The excess mercury passes through the 
filter-bag, leaving the amalgam m a pasty condition, con- 
taining about six or seven parts of mercury £o one of silver. 
By the use of pressure more mercury could be squeezed out. 
The amalgam is distilled in horizontal iron cylindrical 
retorts, which sometimes take a charge of as much as a 
ton. The amalgam is usually placed in sheet-iron trays 
which fit the retort. The temperature is raised gradually 
to a bright red heat, and the mercury is distilled off and 
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condensed in water. The silver residues, still containing 
about 1 per cent, of mercury, are melted in crucibles and 
cast into bars. 

Oxidised ores are usually treated in pans without previous 
roasting, as described above, but sulphide ores are generally 
roasted with salt to convert the sulphides of silver into 
silver chloride before being amalgamated {Reese mer po- 
ces$)< In this case the ore is crushed dry and roasted in 
rotating tube furnaces, reverberatoiies, or shaft furnaces. 
The rotating furnaces are large iron tubes lined with fire- 
brick. The ore is tumbled over and over by the movement 
of the furnace, so that hand-stirring is unnecessaiy. The 
heat is supplied by flames passing into the tube. In 
another type of furnace the hearth is stationary, and the 
ore is stined and moved towards the discharge end by the 
passage of iron ploughs attached to an iron chain. The 
salt is usually added after most of the sulphur in the ore 
has been oxidised, as otherwise the loss of silver by 
volatilisation becomes considerable After roasting, the 
ore is allowed to cool before being charged into the 
amalgamation pans. 

The amalgamation of roasted ore is far more rapid and 
effective than the treatment of sulphide ore before roasting. 
Mercury acts slowly on sulphide of silver, forming silver 
amalgam and separating the sulphur. The action is 
quickened by the presence of iion, which is supplied by 
the w r ear of the stamps in a finely divided form and also 
by the inside of the pan. Amalgamation is also promoted 
by heat. Nevertheless the action on metallic silver and 
silver chloride, which exist m roasted ore, is far more 
rapid than that on unroasted sulphides The disadvantages 
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in roasting befoie amalgamation are the extra expense 
of roasting, the difficulties of dry as compared with wet 
crushing, and the greater impurity of the amalgam, which 
contains moie base metals if the oie is roasted. 


2. Lixiviation Processes. 

In these piocesses the silvei is obtained in solution, and 
after filteimg is piecipitated from the clear liquid m the 
metallic form 01 as a sulphide. In the Zieivogel process, 
which is only applicable to argentiferous copper mattes 
(see below under “ Smelting ”), the material is loasted m an 
oxidising atmospheie, and the silver is convex ted into silver 
sulphate, the copper being transformed into cupiie oxide. 
The charge is then washed m tubs with hot water, in 
which the silver sulphate is dissolved, and metallic silver 
is precipitated by scrap copper. 

The roasting must be carefully performed, the tempera- 
ture being gradually raised and not allowed to become too 
high. Iron sulphate is formed at hist by the oxidation of 
iron sulphide. Oxides of iron and copper axe also formed 
simultaneously with the sulphate of iron. As the tempera- 
ture lisps, the sulphate of lion is decomposed, sulphurous 
anhydride and oxygen are evolved, and copper sulphate is 
produced. At a still higher temperature copper sulphate is 
decomposed and silver sulphate formed. This is stable at 
thetempeiature of decomposition of copper sulphate, but if 
the heat becomes too intense the silver sulphate is split up 
and the charge is spoilt. If the matte contains lead, bis- 
muth, arsenic or antimony, some silver remains insoluble 
even after the roasting, and the process is unsuitable. The 
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finish of the roast is denoted by the presence of a very famt 
blue colour in the liquid on treatment of a sample with 
water, and the appearance of a thick, curdy piecipitate of 
silver chlonde on the addition of common salt. 

The roasted matte is extiacted with hot water, and after- 
wards with copper sulphate solutions resulting from the 
precipitation of the silver by copper, acidulated with sul- 
phuric acid. The cement or pieeipitated silver is washed, 
pressed, dried and melted. 

Another group of processes depends on the conversion of 
the silver into chloride, which is then dissolved by common 
salt (Augustin process), sodium thiosulphate (Patera pro- 
cess) or calcium thiosulphate (Kiss process). The silver 
is conveited into chlonde by loastmg with common salt, 
as in the Reese river pan amalgamation process (see 
above). 

r Ybs Augustin process been superseded almost every- 
where by other methods. 

The solubility of silver chloride in bnne solutions is 
comparatively slight (about 0*12 pait AgCl in 100 paits of 
saturated solution of NaCl, see above, p. 148), and other 
compounds of silver, as well as metallic silver existing m 
the roasted ore, are not dissolved at all. Ores seldom yield 
more than 75 or 80 per cent, of their silver to tieatment 
by this piocess. Lixiviation is commonly earned out in 
wooden tubs, and the liquids are run through a layer of 
granulated copper on which the silver is precipitated. 
Cuprous chloiide is formed and dissolved m the salt solu- 
tion, and the copper is recoveied by precipitation with sciap- 
iron. The cement silver is washed fiist m hot watei and 
then in hydrochloric acid before being dried and melted. 
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Sometimes this process is followed by treatment with 
thiosulphate solutions. 

The Patera jnoeess is more efficacious than the Augustin 
process, as silver chlonde is far moie soluble in thiosul- 
phate solutions than in brine. A soluble double thio- 
sulphate of silver and sodium is formed from which the 
silver is precipitated as sulphide by sodium sulphide, 
sodium thiosulphate being regenerated. The roasted ores 
are treated m large wooden vats holding fifty tons or moie, 
with false bottoms consisting of filter-beds. The precipita- 
tion of the silver is effected m a separate vat, a^d the 
sulphides are filter-pressed, dried carefully and charged into 
a bath of molten lead, which is then usually cupelled. 

The roasting of the ore with salt must be carried out with 
greater care than when it is a preliminary to amalgamation, 
for the reason that metallic silver, which is readily 
amalgamable, is only slowly dissolved by sodium thiosul- 
phate. Undecomposed sulphide of silver is unattacked by 
thiosulphate, but, unlike brine, thiosulphate solutions dis- 
solve the silver from arsenate and antimonate of silver, 
and accordingly the process is applicable to oies contain- 
ing some arsenic and antimony. Lead and copper are 
injurious, going in part into solution and being precipitated 
with the silver in the form of sulphides, so that the bullion 
is contaminated. The ill effects of these mei^ls m the ore 
may be in part lemoved by lixiviation with cold water 
befoie the application of the thiosulphate solution. Sul- 
phates and chlorides of copper, iron and zinc and chloride 
of lead are dissolved by the water and removed. If hot 
water is used a considerable amount of silver is dissolved 
in the wash water and has to be precipitated sepaiately. 
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The lixiviation with thiosulphate takes place in the same 
vat as the washing with water, the solution containing 
from 0*25 to 2 per cent, of sodium thiosulphate. The 
solution of silver chloride proceeds in accordance with the 
following equation : — 

2N82S2O3 -f- 2AgCl = Ag2S 2 03.Na 2 S203 2NaCl. 

The solubility of silver chlonde is reduced by the 
presence of caustic alkalies and alkaline earths Arsenate 
and antimonate of silver, silver oxide and metallic silver 
and gold are also dissolved, especially in hot solutions. 
Sodium thiosulphate is slowly decomposed on exposure to 
the air, absorbing oxygen and foiming sulphate of sodium 
and sulphur, with the result that the solvent power of the 
solution is reduced. This effect is partly counteracted by 
the method introduced by Hofman of precipitating silver 
with calcium sulphide instead of sodium sulphide. This 
destroys sodium sulphate, producing sodium thiosulphate, 
calcium sulphate and silver sulphide. Some calcium 
thiosulphate is also produced. 

The solution is run through the bed of 01 e until silver 
cannot be detected in the effluent liquid. Water-washes 
are then applied, and run with the solution into the 
precipitating vats. The sodium sulphide for precipitation 
is made by adding sulphur to a strong hot solution of 
caustic soda. '"The silver is thrown down in accordance 
with the equation — 

Ag 2 S 2 0 3 .Na2S203 “b Na 2 S 2 = Ag 2 S 2Na 2 S203 -f- S. 

Care is taken to avoid an excess of sodium sulphide. 
The excess sulphur is removed from the precipitate by 
treatment with caustic soda or by distillation or careful 
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roasting, but caie is taken not to allow the temperature to 
rise sufficiently for the sulphides to become ignited. The 
dried sulphides, which contain fiom 25 to 40 per cent, of 
silver, are then usually charged into a bath of lead already 
molten on a eupellation health. 

In the Kiss pi ocess, calcium thiosulphate is used instead 
of the sodium salt, the methods and plant being similar to 
those used in the Pateia process. 

In both piocesses, however, undecomposed sulphide of 
silver as well as most of the metallic silver is left un- 
dissolved, and m the Russell process a solution of sodium- 
copper thiosulphate is applied after the simple thiosulphate 
has been mn through This so-called ext) a solution con- 
tains the salt 4 Na 2 S 203 .BCu 2 S 203 + aH 2 0. The extra 
solution quickly dissolves metallic silvei and decomposes 
silver sulphide, copper sulphide being precipitated and 
silver passing into solution. The copper-sodium salt is 
not regenerated, as the coppei is precipitated with the 
silver when sodium sulphide is added. The Russell process 
has not been uniformly successful, and has never passed 
into wide use. 

The cyanide pi ocess has been applied to the treatment of 
silver ores m Mexico, and has proved very successful duiing 
the last few years. The result has been that the patio 
process and hxiviation by thiosulphate solutions have been 
displaced and are now mainly of historical interest. 1 The 
principles aie the same as m the tieatment of gold ores, 
and the methods employed do not differ essentially from 

1 “ Some Features of Silver Oie Tieatment m Mexico,” by W A. 
Caldecott, Jour. CJiem Met and Mmj Sot of S A , Yol YELL (1908), 
p. 204 
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those already described on pp 110 — 124. The ore is crushed 
in stamp-mills and on some mines converted into slimes by 
legrmding in tube-mills The pulp is then sepaiated into 
sands and slimes by watei -classification, the sands being 
treated with cyanide by percolation and the slimes by 
agitation, either by means of mechanical stirreis or by air- 
blowing. The length of time of treatment is considerable, 
owing to the slow rate of solution of silver in cyanide solu- 
tions. 1 The solutions of cyanide m use aie much stronger 
than those employed in gold extraction. Solutions con- 
taining 1 per cent KCy are not unusual, and even in shme 
treatment, according to Caldecott, solutions containing 0*1 
per cent, are frequently used The values in the ores are 
chiefly m the form of sulphide of silver, although some 
metallic silver, silver chloride and gold are also present. 
The last-named bodies are leadily dissolved, but silver 
sulphide is compaiatively slowly acted on and requires 
strong solutions. Caldecott has shown 2 that its dissolution 
depends on secondaiy reactions by which soluble sulphides 
are removed from the cyanide solution. The primary' 
reaction 

Ag 2 S + 4NaCy = 2NaAgCy 2 + Na 2 S 
is stopped by the sulphide of sodium, which would 
reprecipitate silver if present m excess, and soon establishes 
an equilibrium. "Of the secondaiy reactions the following 
is the most important — 

2Na 2 S + 20 2 = Na 2 S 2 0 3 + Na 2 0. 

This is followed by 

Na 2 S 2 0 3 + Na 2 0 + 20 2 = 2Na 2 S0 4 . 

1 Lot < it 

2 Jour . (Jhem, Met . and Mmj Aoc of S A , Yol. YIII (1908), p 266 
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Like the other secondary reactions, this involves the 
absorption of oxygen, so that aeration is as important in 
the treatment of silver oies as it is m that of gold ores. 
Soluble sulphides are also removed or rendered harmless 
by the addition of lead acetate. 

Largely owing to the considerable strength of the 
solutions used, the consumption of cyanide is very great, 
amounting to fiom two to five pounds per ton of ore. The 
silver is precipitated on zinc shavings which are not coated 
with lead, and in cleaning-up the black silver slimes are 
biiquetted and melted m ciueibles with fluxes # without any 
preliminary treatment with acid. 

In the treatment of gold and silver ores alike, the 
practice is growing of using dilute cyanide solutions instead 
of merely water in the stamp battery, and thus to begin to 
dissolve the valuable metals fiom the outset. Even in the 
treatment of some gold ores the amalgamated plates aie 
dispensed with, and leliance placed entirely on cyanide to 
extract the values. After the gold and silver have been 
dissolved, the liquid is now often removed through vacuum 
filter frames, which are loweied into the vats and immersed 
in the solution. This method is used in the Moore, Ridgway 
and other filters. 


3. Smelting Processes. 

* 

These piocesses, which are largely carried on m North 
America, and to a less extent m Germany, have for their 
object the concentration of the silver in lead. The smelting 
is cained out m blast furnaces of moderate size into which 
a mixture of ore, fuel and fluxes are charged. The com- 
position of the charge is determined beforehand, and the 
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quantities of ingredients required can then be calculated. 
The lead usually amounts to about 10 or 12 per cent, and 
the coke to from 7*5 to 15 per cent, of the charge. The 
slag is a fusible silicate of iron and lime with a number of 
other bodies present as impurities. It is usual to mix a 
number of ores together so as to obtain a charge of the 
required composition. Great heaps are formed consisting 
of thin layers of sulphide ores, ferruginous ores, lead ores, 
zinciferous ores, and even quartzose ores, and vertical slices 
are taken for charging into the furnaces together with coke 
and limestone If gold ores require smelting, they are 
mixed with the heaps. Sometimes the ores or pait of them 
are roasted to reduce the percentage of sulphur before they 
are smelted. Sometimes poor sulphide oies are smelted 
without lead and a matte (sulphides of iron, copper, etc.) 
formed in which the silver is contained. The matte is then 
sepai ated from the slag and treated like a sulphide ore. 

The reduced lead accumulates in the heaLth at the 
bottom of the blast furnace, and is run off either con- 
tinuously or at intervals of time. The pigs of lead are 
assayed and passed foiwaid for desilvensation. The slags 
are also assayed and if sufficiently pool m silvei and lead 
are thrown away, but a jiortion of them is often returned 
to the blast furnace. 

The blast furnaces employed are eithei circular or lect- 
angulamn section. The latter shape is preferred foi the 
reason that much largei furnaces can be employed, the 
xectangulai section being as much as 12 feet by 3 feet 
6 inches at the tuyei level, while the lound furnaces aie 
not more than about 5 feet m diameter. Both types 
widen fiom the tuyer level to the mouth. If larger round 
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furnaces were used, the blast would not penetrate to the 
middle, which would not be sufficiently heated. Cold air is 
used for the blast to pi event the temperature of the furnace 
from rising too high, as in that case losses of lead by 
volatilisation take place. The pressure of the blast is 
usually from two to foui pounds per square inch. The 
number of tuyers vaiies with the size of the furnace, round 
furnaces often having eight tuyers, and large rectangular 
furnaces sis on each of the long sides. The height of the 
tuyer level above the hearth is 2 or 3 feet, and the 
total height of the furnace from 12 to 30 feet. The walls 
of the furnace m the neighbourhood of the zone of fusion 
consist of water-jackets, which are constructed of iion or 
steel The hollow space in the water-jackets is about 
6 inches wide, and water circulates through them. 

The continuous discharge of the lead fiom the furnace is 
effected by a syphon tap , the molten part of the charge 
inside the furnace forming one leg of the syphon, the other 
being an inclined passage leading up from the bottom of 
the hearth to the outside of the furnace, where it terminates 
in a bowl which becomes full of molten lead. The lead can 
be ladled from this bowl, or tapped from it, or run off it 
continuously. Cuprifeious ores are not fitted for smelting 
with the use of the syphon tap, as alloys of lead and copper 
are formed which are liable to freeze in the comparatively 
cool passages and obstruct them. 

The slag may be run off continuously through slag notches 
placed one in each of the short sides in rectangular furnaces, 
or tapped off at intervals. In either case it is usually run 
into slag-pots, which consist of cast iron and are carried on 
wheels and are cone-shaped with the apex downwards. 



THE EXTRACTION OF SILVER EROM ITS ORES 175 

There is a tap-hole at a few inches fiom the bottom. The 
matte or speiss in the slag settles to the bottom, and after 
a time the slag can be tapped off, leaving the matte m the 
apex of the cone. This is saved for fuither treatment. 
Generally the slag contains from 0 2 to 0*5 per cent, of lead 
and only one or two ounces of silver per ton. The loss of 
lead by volatilisation may also be considerable, and is kept 
down by working at a moderate tempeiature with the upper 
part of the furnace charge at a black heat. The escaping 
gases are carried through condensing chambers, where some 
of the volatilised lead is caught. 

The smelting of silver ores with lead is most satisfactory 
in places where fuel and limestone are cheap and large 
quantities of lead ores are available. It is best adapted to 
the treatment of ores at large centies where considerable 
quantities of ores of all sorts lequiie treatment. It is not 
suitable for cupriferous ores and ores poor m silver and free 
from lead. Such ores are better adapted for treatment by 
wet processes or by amalgamation. The proportion of zinc 
in a charge must not be allowed to become excessive, as 
zinciferous slags are somewhat infusible. 

The pig lead, which is sometimes called “ base bullion,” 
contains from about 0*1 per cent, of silver upwards. The 
proportion of silver in the lead is generally kept below 
2 per cent, in order to avoid undue losses m the slag. The 
distribution of the silver in the lead is not uniform, and 
difficulties are encountered m obtaining trustworthy samples 
for assay. The silver is concentrated towards the bottom 
of the pig, and also to a limited extent towards the outside 
Samples are taken by drilling and also by means of saweuts, 
but neither method is quite satisfactory (see above, p 137). 
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Treatment of Argentiferous Lead. 

The pig lead, if impure, is refined first and desilveiised 
afteiwaids either by Pattinsonxsation or by Paike’s process, 
or it may be cupelled. If it is sufficiently puie, lead is 
desilveiised before being refined. The impurities com- 
monly contained m the pig lead are arsenic, antimony, 
sulphur, copper, zinc, etc. 

The Pattinson process depends on tire fact x that the 
eutectic alloy of silver and lead, that is, the alloy of 
lowest melting point, contains 2*5 per cent, of silvei. If 
an alloy of this composition is melted and allowed to cool, 
it sets as a whole, the portions solidifying first having the 
same composition as the part remaining molten. If molten 
alloys containing less than 2*5 per cent, of silver are 
allowed to cool slowly, the crystals fiist formed in the 
liquid contain much less silver than the part remaining 
molten. In the original Pattinson piocess, these crystals 
are ladled by hand out of a large iron pot m which the 
silver-lead alloy is slowly cooling, and an enriched silver- 
lead alloy is left molten in the pot. Friedrich has showm 1 
that the iron pot has no influence on the result, which 
can be equally w T ell attained in an earthenware vessel, 
and that pressure up to five atmospheres has no effect 
on the crystallisation of the lead. The crystals are 
removed by perforated ladles, and either two-thirds or 
seven-eighths of the contents of the pot are ladled out 
into a neighbouring pot. The operation is repeated until 
the rich lead contains about 1 per cent, of silver and the 

1 Metallurgie , Vol. III., “ Blei und Silber.” 



THE EXTRACTION OF SILVER FROM ITS ORES 177 


poor lead about 0*001 or 0*00*2 per cent, of silver. The 
limit of lichness that could be reached would be lead con- 
taining 2 5 per cent, of silver. This process is now seldom 
used. 

In an alternative method, the liquid alloy is diawn off, 
leaving the solidified portion behind. The charge is stared 
by horizontal iron arms attached to a vertical rotating axle 
worked by bevel gearing (mechanical Pattinson process), or 
by means of jets of steam under a pressure of about three 
atmospheres (Rozan process). It is usual to tap off about 
one-third of the lead, leaving two-thirds in the form of 
crystals. The operation is repeated until the uch 
lead contains about 2 pei cent, of silver, and the 
poor lead fiom 0 001 to 0 003 per cent. The Ptozan 
process is the cheapest method of Pattinsomsation, but 
it is more expensive than desilvensation by means 
of zinc. 

Pa) he 8 piocess depends on the foimation of compounds 
of zmc and silver when these metals aie melted together. 
When zmc is in excess, the compound formed probably 
corresponds to the formula AgZni 2 , containing about 12 per 
cent, of silver. If molten zinc is stnred with a bath 
of aigentifeious lead, which is afteiwaids allowed to 
cool, a crust foims on the suiface containing zmc and 
lead togethei with the silver aud any gold and copper 
that may be present. The lead letams about 0 6 per 
cent, of zmc dissolved m it at tempeiatuies but little 
above its melting point. At GaO 1 lead dissolves about 
8 pei cent of zmc, but as the tempeiatuie falls /me 
is sepai ated, and as its alloys are hghtei than lead they 
rise to the surface. Arsenic, antimony and tin remain 

p.ii # x 
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with the lead, and if large quantities of these elements 
are present, the lead must be refined before the zmc is 
added. 

The zinc is thrown solid on the sui face of the molten 
lead and the temperature is raised until it melts, or in 
the alternative molten zmc is poured into the lead bath. 
The mixture is then thoroughly stared and allowed to cool 
slowly. The total amount of zmc added is usually from 
1^ to 2 per cent, of the weight of the lead, but it is added 
m two or three lots, the crusts being kept separate. The 
fast crust contains practically all the gold and copper, and 
if the fast addition of zinc is small, hardly any silver is 
removed by it. 

The crusts are removed from the suiface as soon as they 
are formed by means of perforated ladles, and the ladling 
is continued until the lead begins to solidify. Fresh 
additions of zinc are made until the lead contains only 
about 0*0005 per cent of silver (or one- sixth of an ounce 
per ton) This is much pooler than can be profitably 
attained by the Pattmson process. 

The zinc crusts or scums contain a high percentage of 
lead, for the most pait mechanically mixed with the other 
constituents. The lead is partly separated by liquation, 
the mixture being laised to a temperature above the melt- 
ing point of lead, but below 7 that of tl^e zinc alloys. 
The lead is then alknved to flow aw r ay, leaving the en- 
i idled scum behind. The liquated lead must be again 
desilvensed. 

The rich scums are usually treated by retorting, the 
zmc being distilled and condensed so that it is available 
for further use. The residue consists chiefly of lead, and 
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contains from 5 to 10 per cent, of silver. It is passed to 
the cupellation furnace. 

Parke’s process is carried out in large cast-hon pots 
holding as much as 50 tons, as against 10 or 15 tons, the 
usual charge m the Pattmson process. Besides its cheap- 
ness, desilvensation by zinc has the advantage of quickness, 
so that the poor lead is soon available. 

The cupellation of argentifeious lead is a very ancient 
operation, being referred to m the book of Jeremiah 
(b.c 600). It consists m melting the lead in a reverberatory 
furnace, and oxidising it by means of a blast of aii directed 
on to its suiface. The litharge accumulates round the edge 
of the molten metal and is allowed to flow away. Finally 
silver only is left unoxidised. 

The operation is carried out on hearths of bone-ash, mail 
oi magnesia, covered by a movable hood (German cupella- 
tion furnace), or on smaller movable healths, the loof 
being fixed (English cupellation furnace). The use of 
bone-ash in the hearth is not on account of its absorptive 
properties, as in assaying, but because it lesists the coiro- 
sive action of molten lithaige It is now seldom used, as 
marl is cheaper. The litharge first formed contains such 
impurities as non, zinc, aisenic, antimony, tin, cobalt and 
nickel, which oxidise leadily. Towaids the end of the 
cupellation the litharge contains copper, bismuth and 
silver. Cupelled silver may be as fine as 997 or 998, 
but must often be cupelled again with fresh lead to raise 
it to marketable fineness. The gold lemains with it and 
must be removed by parting. 

The Goman cupellation furnace, which is usually round, 
takes from 10 to 50 tons of argentiferous lead. In the laiger 

n 2 
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furnaces the work is not canied on until all the lead is 
removed, as there would be a difficulty m keeping the 
temperatme high enough to pi event the silver from freezing 
if it were nearly piue. The fuel used is coal, wood, or peat, 
and the oxidation is effected by a blast of air fiom two or 
three tuyeis directed on to the surface of the lead bath. 
The first pioducts of oxidation consist laigely of arsenate 
and antimonate of lead, which foim a dark-coloured scum 
(absinth). This is not readily melted, and is iaked off. 
Then neaily pure lithaige begins to form, and is drawn off 
thiough a channel cut m the hearth. As the operation 
continues, and the molten chaige is diminished, the channel 
is deepened At the end of the operation the litharge 
clears off fiom the siuface of the charge, which becomes a 
bright mirror reflecting the loof of the furnace. The 
bhcksilbe) thus obtained contains a few per cent, of 
impurities, chiefly lead. It is broken up and recupelled in 
a smaller fui nace foi the pioduction of fine silver. After 
each charge has been woiked the hearth is broken up and 
smelted for lead, and a new hearth is prepared. 

The English eupellation furnace is used for richer silver- 
lead alloys than the Geiman furnace As a lule the first 
eupellation of lead, containing, say, 10 pei cent, of silvei, is 
partial only, the charge being enriched until it contains 
60 oi 70 pei cent, of silver, when it is ladled out and fiesh 
lead chai ged into the furnace. The blast is usually supplied 
through one tuyer, the oval test or hearth being only 
3 or 4 feet long and 2 oi 3 feet vide The final eupellation 
is carried out at a higher temperature, and when oxidation 
is finished the silver is cast with the help of ladles. The 
tests are used continuously until worn too thm for further 



THE EXTRACTION OP SILYER PROM IT* ORE* 181 


use. A worn-out test can be withdiawn and another one 
substituted m the furnace with veiy little delay. The test 
is contained m a movable test-frame, in which the marl is 
rammed. A new test, howevei, requires very caieful drying 
before it can be used. 

The English cupellation furnace is used for the produc- 
tion of silver from rich lead, and the litharge produced 
generally contains too much silver for it to be sold without 
further treatment. In the Geiman cupellation furnace, 
poorer lead is cupelled, and quantities of marketable litharge 
are usually produced. The German furnace is useful when 
it is required to treat rich gold 01 silver-bearing matenals 
by charging them into a bath of molten lead. 


4. Electrolytic Processes. 

The only electrolytic process which has passed into wide 
use is that used for the separation of silver from argenti- 
ferous copper obtained by smelting. The copper is cast 
into slabs which form the anodes, the bath consisting of 
sulphuric acid and sulphate of copper. The copper is 
dissolved at the anodes together with non and other metals 
electro-positive to it, the electro-negative metals — gold, 
platinum, silver, etc. — lemammg undissulved if the current 
is of the piopei density. The coppei is deposited at the 
cathodes, and the electro-positive metals accumulate m the 
solution, which must be drawn off and leneved after a time 
If the cunent density is too gieat, silvei will be dissolved 
at the anode with the coppei and repiecipitated at the 
cathodes Some fiee acid m the bath is necessaiv, as silver 
goes into solution more leadily in neutral solutions. 
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The anode slime may contain over 50 per cent, of silver. 
It is purified in various ways, such as by cupellation with 
lead or by the Moebius electrolytic process, 01 by dissolving 
it m sulphuric acid and reprecipitating the silver with 
copper. 

In the Moebius piocess the electrolyte is a mixture of 
nitric acid and silver and copper nitrates. About one per 
cent, of free nitric acid is kept in the bath. Silver and 
copper aie dissolved at the anodes, leaving the gold undis- 
sohed. Silver is piecipitated at the cathodes, leaving the 
copper m solution. If too much copper accumulates in the 
solution (more than 4 or 5 pei cent.) it would piecipitate 
on the cathodes simultaneously with the silver, and part of 
the liquid is in that case withdrawn and watei is added to 
reduce the percentage of copper piesent. An addition of 
more nitnc acid also assists in preventing the copper 
from being deposited. Yery laige amounts of silver are 
now refined by this process in the United States. 



CHAPTER XII 


REFINING GOLD AND SILVER 

The gold bullion produced by the methods of ore treat- 
ment described in Chapters VI. to VIII. is impure and unfit 
foi use m the arts until after it has been refined, Retoited 
metal fiom the amalgamation process often contains 2 
or 8 per cent of coppei and iron, besides some mercury 
and smaller amounts of other base metals. Silver is 
always present, m amounts varying from about one per 
cent, up to more than half the total weight. Sometimes 
bullion is sold to the Australian mints containing only a 
few pei cent, of gold, the lemamdei being chiefly lead, 
zinc and silver. This is produced by means of the cyanide 
process. The presence of 20 or 30 per cent of iron, lead 
and zinc m gold bullion gives it a woithless appearance, 
bearing some resemblance to cast iron, but with an earthy 
fracture. Most bullion, even if it has the outward appeal - 
ance of gold, is brittle before it is lefined. 

The bullion is often subjected to rough refining opera- 
tions at the mine befoie being sold. For example, at some 
American gold-mills the bullion is melted in a crucible and 
a blast of air directed on its surface. The base metals are 
oxidised and form dross which can be skimmed off. Some- 
times oxidising agents such as mtie or manganese dioxide 
are melted with the bullion. Care is taken, however, to 
leave part of the copper, etc., unoxidised m order to avoid 



184 


THE PRECIOUS METALS 


losses of silver in the slag 01 dioss. In South Afiica and 
elsewhere the gold precipitate from the cyanide process is 
often refined by cupellation with an excess of lead (Tavener 
process, q i\). 

When the bullion is bi ought to London, Philadelphia, 
Melbourne, St. Petersburg and other great centres, it is in 
the first instance melted and assayed m order that its value 
may be ascertained. The assay pieces sometimes consist 
of a small portion dipped out of the molten gold, and 
sometimes of portions cut from the cast ingots. 

After the value has been agreed upon, the ^bullion is at 
once lefined, the base metals being removed, the gold and 
silver separated and fine bais of each obtained. 

There are a numbei of different processes for parting 
gold from silver, some of them of great antiquity, but only 
thiee aie now m use on a large scale These aie the 
sulphuuc acid process intioduced in Paris m 1802, the 
chlorine process, introduced at the Sydney Mint in 1870, 
and the eleetiolytie process, introduced at Hamburg in 
1888. Until recently nitric acid was used as an adjunct to 
the sulphuric acid piocess m Philadelphia, and it formed 
by far the most important parting agent during the three 
centuries before the introduction of sulphuric acid. It is 
still used for parting gold from silver in assaying, as in 
that case the extra cost is of no importance. Sometimes 
gold is dissolved m aqua legia, and precipitated by ferrous 
chloride or some other suitable agent, the impurities being 
left m solution This method does not separate tellurium 
fiom the gold, and is too costly to be widely used. 

At the present day gold to the value of more than 
£50,000,000 is refined annually by the sulphuric acid 
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process in London and on tlie Continent, an amount of about 
£12,000,000 is treated by tlie chlorine process in Australia, 
and about £14,000,000 m the United States by electrolysis. 


The Sulphuric Acid Process of Refining. 

In this piocess an alloy of silver and gold is prepared by 
melting and granulating, the granulations are boiled in 
sulphuric acid by which the silver is dissolved, and the 
residue of gold is washed and melted. The silver is pre- 
cipitated from solution by metallic eoppei, and the sulphate of 
copper is recovered by evaporation and crystallisation. The 
parting alloy is made up to contain one pait of gold to about 
two and a half paits of silver. The addition of some copper 
is advantageous m promoting the dissolution of the silver, 
and the presence of lead is supposed to aid the solution of 
the copper, but large quantities of base metals m the alloy 
are disadvantageous The copper must not exceed 10 per 
cent, nor the lead 1 per cent. 

When gold bullion containing a large percentage 
of lead, zinc and other metals {eg., some bullion pro- 
duced by the cyanide piocess) is to be refined, it is sub- 
jected to a preliminary operation called “toughening” 
The gold is melted, and saltpetre is thrown upon its sur- 
face and stirred in. Much oxygen is evolved and vigorous 
bubbling ensues. The base metals are oxidised and 
slammed off the surface of the molten metal, and more 
saltpetre is added until the gold is sufficiently pure, accord- 
ing to the judgment of the operator, who is guided paitlyby 
the increasing pastiness of the metal. Some more mtie is 
then stirred in and the pot covered over and its temperature 
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raised for pouring. Toughening is a tedious opeiation, and 
involves consideiable losses of precious metal by spa ting 
and volatilisation. The losses aie mainly temporary, as 
most of the gold can be recovered by grinding and washing 
the ashes, and by the use of condensing chambers between 
the furnace flue and the stack. 

The mixture of nitre and oxides of the heavy metals 
which forms on the top of the charge rapidly attacks the 
pot m which the bullion is contained, corrodmg% in a ring 
just above the surface of the metal. In order to prevent 
this, bone-ash is sometimes thrown into the crucible and 
pushed back from the centre of the charge towards the 
periphery so as to form a ring round the inside of the pot, 
and so to protect it from the action of the molten oxides. 
The bone-ash does not melt but absorbs the oxides, clearing 
the surface of the metal. The nitre is piojected on to the 
eye of metal within the nng of bone-ash. 

The gold aftei toughening still contains copper as well 
as silver, but most of the other base metals have been 
removed. The metal is rarely of such a composition that 
it can be parted by acid without any addition. If less than 
about two parts of silver to one of gold are present, the 
dissolution of the silver would not be complete. After the 
acid had acted for some time, it would have no further 
effect, the remainder of the silver being protected by the 
gold. The best proportion of gold in the bullion is from 18 
to 25 per cent , according to Dr. Eossler, 1 but parting is still 
possible with 38 per cent, of gold, and hardly any difficulties 
are introduced by an excess of silver. The silver used for 
mixing with the gold consists of ingots containing some 
1 Percy's “Metallurgy of Silver and Gold,” p 471 
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gold if they can be obtained, but in London it often 
happens that such silver is scarce, and the parting silver 
is used ovei and over again. The copper is sometimes 
already contained in the silver, as when Mexican dollars 
are used for parting, and sometimes old amalgamated 
copper plates which contain some gold aie available for 
making the necessary addition of copper to the paiting alloy. 

The alloy for parting is melted m graphite crucibles, well 
mixed and dipped out by means of ladles. The ladle is held 
about three feet above the surface of a copper vessel filled 
with cold water, and the molten metal is poured into it in a 
thm stream with a wavy or ciicular motion. Under these 
% conditions the metal is bioken up and solidified in the form 
of small beads, hollow spheres and leafy granulations. 
They aie caught in a perforated copper pan, which is lifted 
out and drained after the pouring is completed. 

The granulations aie heated m cast-iron kettles with con- 
centrated sulphuric acid, of S.G. 1 85, "which is raised to 
boiling point cautiously. Air is excluded from the kettles 
as far as possible, and the sulphurous acid gas which is 
given off in large quantities is carried away through leaden 
pipes. The amount of acid required is four or five times 
the weight of the granulations, but only about half this 
amount is added at first. The reactions involved aie 
represented by the following equations : — 

2H2SO4 -f- 2Ag — Ag 2 S0 4 -j“ SO2 2H2O 
2H2SO4 + Cu = CuS0 4 + S0 2 + 2H 2 0 

The sulphates are soluble in hot concentiated acid, but tend 
to be precipitated when the acid is cooled or diluted. 
When the evolution of S0 2 is at an end, the bquid is 
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removed to a settling pot and fresh acid added. After 
thiee boilings the gold xesidue is strained and washed with 
boiling water m filter-boxes until free from acid. The 
“ brown gold ” is then dried and melted with nitre. Unless 
great caie is exeieised in washing and melting the gold, 
some lead remains with it, and the lesultmg bais are 
brittle. 

The clear silver solution is pouied into large lead-lmed 
tanks containing hot water and sheet or scrap coppei, and 
stirred until precipitation is complete. The chemical action 
is one of simple replacement — 

AggSOi -j- Cu = O 11 SO 4 -j- 2Ag. 

The copper is not attacked by the dilute acid The pie- 
cipitated silver crystals are washed, dried, and strongly 
compressed by hydraulic power before being melted. The 
copper solution is evaporated down and allowed to cool 
three times, a crop of crystals of sulphate of copper (blue- 
stone) being obtained each time, and the acid mother-liquor 
when sufficiently purified is used to dilute the solution of 
silver sulphate before it is precipitated. 

The net cost of refining by sulphuric acid is stated to be 
about one penny per ounce of gold m Europe. In the 
United States the cost in the San Francisco refinery was 
between four and five cents per ounce of gold m the year 
1905-6, exclusive of salaries and rent, and at New Yoik the 
cost was still greater 1 

Modifications m the sulphuric acid process were intro- 
duced in the United States by F. Gutzkow in 1867. They 

1 “ Report of the Direetoi of the United States Mint/’ 1906, pp 22, 
24, 40, 66 
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consist mainly in the removal of the silver sulphate from 
the acid by crystallisation, so that the acid can be used 
again, and in the i eduction of silvei from the crystals of 
Ag 2 S0 4 dnect by a solution of feirous sulphate The 
removal of the silver from the acid without too great 
dilution enables the acid to be used over again, so that 
a greater quantity can be used in the first instance for 
parting, with the result that sufficiently pure gold can be 
obtained in a short time. The Gutzkow process, how’ever, 
was not adopted m Europe, and with the abandonment of 
sulphuric acid for paitmg m America it has come to an end. 

The gold produced by sulphunc acid paitmg is generally 
fiom 996 to 998 fine, and is usually fairly free fiom lead 
and other deletenous constituents. The silver is also about 
996 oi 998 fine if care is taken to remove all small particles 
of metallic coppei from the precipitate. 

Defining by means of Chlorine Gas. 

This method is applicable especially to the refining of 
gold bullion containing only small quantities of silver and 
base metals, m places where the supply of silver bullion for 
paitmg purposes is limited. It has been used continuously 
only m Australia, where it appears to be suited to the local 
conditions. Chlorine gas is forced through clay tubes to 
the bottom of clay cuxcibles containing molten gold, and 
rises through it. The chlorine is absorbed by base metals 
and silver, and chlondes are formed which rise to the 
surface and are skimmed off. The gold is not attacked 
peiceptibly by chlorine at such high tempeiatures. 

When very large quantities of base metals are present, it 
is more economical to remove them m pait either by 
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treatment with nitre, as in the sulphuric aeicl process, or by 
passing oxygen or air through the clay tubes before chlorine 
is used. The oxides foirued by the oxygen attack the pots 
and tubes, and it is necessary to add sand and a little 
boiax to the charge and to use thick- walled clay tubes. 
When the oxygen begins to pass freely through the gold, 
the pielimmary operation is concluded, the slag is skimmed 
off, moie borax is added and the passage of chlorine is 
begun. As the chlondes do not attack the clay tubes, thin- 
walled tubes are used. The chlorine is generated from 
manganese dioxide, sulphuric acid and common salt. A 
depth of about 10 inches of gold is used in the pot, corre- 
sponding to a chaige of about 700 oz. A lapid stream of 
chlorine is admitted at first and is entirely absorbed After 
about an hour, when the bulk of the silver has been 
removed, the stream of gas is reduced, and the operation is 
stopped when the gas comes thiough the metal freely with- 
out being absorbed. The liquid chlorides are then ladled 
out and cast in non moulds, and the gold is aftei wards 
poured. 

The chlorides contain from 5 to 10 per cent, of gold, and 
are remelted on the same day in graphite pots which hold 
300 oz of silver chloiide. The gold is removed from the 
chlorides by means of carbonate of soda, which is thrown 
upon the molten charge. Effervescence ensues and the 
gold is reduced, together with about an equal weight of 
silver, and settles to the bottom of the pot Two successive 
additions of carbonate of soda are made, amounting together 
to about 10 per cent, by weight of the chlorides. The 
metal is allowed to solidify, and the fluid chlorides are then 
poured off and cast into slabs which contain less than 0T 
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per 1,000 of gold and are ready for reduction. The slabs 
of chloiide, encased in flannel bags, are first boiled m 
water foi some days to remove chlorides of copper and 
other base metals, and the silver is afterwards 1 educed by 
electrolytic action by means of iron plates, fairly pure 
metallic silver and chloride of iron being produced 

The gold produced by this process is about 996 fine, and 
is of excellent quality, all the metals which produce brittle- 
ness being removed in the early stages of the refining 
operations. The silver is usually about 990 fine, but if the 
cakes of chloride are not boiled m water, although the 
losses of silver are i educed, the resulting bullion is some- 
times very impure, containing 20 per cent, oi more of 
copper. The losses of gold are small, and the cost for 
materials, wear and tear, treatment of sw T eep, and wages is 
about one farthing per ounce of gold at the Melbourne 
Mint. 1 

Since the introduction of the piocess at Sydney, m 1870, 
it has been continuously at woik in Australia, where it is 
favoured by the high price of sulphuiic acid and the 
absence of aunfeious silver suitable for mixing with the 
gold for parting purposes. It lemams to be seen whether 
parting by chlorine will be displaced by the eleetLolytic 
piocess. 

The Electrolytic Parting Process. 

Two electrolytic methods are in use which are both neces- 
sary, neither being sufficient without the help of the other. 
They aie the Moebius and the Wohlwill piocesses, called after 
the names of their inventors. In the Moebius piocess (see 
above, p. 182), the electrolyte consists of dilute nitric acid. 

1 Rose’s “ Metallurgy of Gold,” 5th edition, 1906, p 422. 
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Silver, copper and some other metals are dissolved at the 
anodes, and puie silver is deposited at the cathodes. The 
gold remains m the anodes undissolved, but cannot be 
made sufficiently pure by this piocess to be fit foi use m 
the aits. The anode mud is accordingly melted down and 
used as the anodes m the Walthall piocess, in which the 
electiolyte is hydrochloric acid. In this piocess, when the 
eleetiic current is passed through the bath, gold, copper, 
etc , are dissolved at the anodes and pure gold is deposited 
at the cathodes, silver remaining undissolved in the anodes 

The Moebius piocess was successfully used for some 
years for the treatment of doie silvei, which contains only 
a few parts of gold per 1,000 of silver, before it was applied 
m 1904 to the treatment of impure gold bullion at the 
Philadelphia Mint. 

The Moebius and Wohlwill processes are now used 
together, to the exclusion of the sulphuric acid process, at 
the United States Mints at Philadelphia, Denver and San 
Francisco, and at the New York Assay Office. 

In preparing the bullion foi treatment at these establish- 
ments, gold and silver bullion are melted together to form 
a parting alloy containing 80 per cent, of gold and 70 per 
cent, of silver, copper, lead, etc. The base metals some- 
times amount to 20 per cent, of the alloy. This alloy is 
cast into slabs to be used as anodes, which ^are suspended 
in earthenware tanks by means of gold hangers attached to 
copper rods. At the Denver Mint there are eight earthen- 
ware tanks, each 47 inches long, 26 inches wide and 22 
inches deep, arranged in two sets of four tanks. 1 In each 

1 “Report of the Director of the United States Mint for 1906,” 

p 09 
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set the liquid circulates by gravitation, being syphoned 
from the uppermost cell into the next, and finally pumped 
up from the lowest cell to a distributing tank above the 
highest cell. The cathodes are rolled sheets of pure silver 
one-hundredth of an inch thick, alternating with the anodes. 
By the addition of a small quantity of a colloid, such as 
gelatine, to the electrolyte, the silver is deposited in a 
coherent form on the cathodes, instead of in a granular 
non-adherent form, which would fall to the bottom of the 
cell, or form bridges between the electrodes. 1 This 
discovery obviates the necessity of the frequent sci aping or 
renewal of the cathodes. The electrolyte contains 2 per 
cent, of free nitric acid and 8 per cent, of silver in solution 
as nitrate. The current density is 7 5 amperes pei square 
foot of cathode surface at Philadelphia and as high as 20 
amperes per square foot at Denver. 2 The resistance in the 
cells is fiom one to two volts per cell. The deposited silver 
is stripped off the cathodes, which are then straightened 
and used over again. The gold remains a hard spongy 
mass of the original form of the anodes, and obstinately 
retaming a small amount of silver, even if subjected to the 
current after the point at which oxygen is freely evolved 
from its surface. After being washed free from nitrate of 
silver, the anodes aie diied, melted, and cast into anodes 
for the gold cehs, if they contain over 950 parts of gold per 
1,000. Sometimes the anodes are boiled in sulphuric acid 
before being melted. The coppei , lead, zmc, etc., accumulate 
in the electrolyte, which is renewed at frequent intervals. 

In the Wohluill piocess the anodes consist of gold 940 

1 “ Report of United States Mint for 1905,” p 62. 

2 “ Repoit of United States Mint for 1906,” p, 59 
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to 950 parts, silver not more than 50 parts, and a few parts 
pei 1,000 of base metals. The electrolyte consists of a 
solution containing from 2 to 10 per cent, of hydrochloric 
acid and from 2*5 to 6 per cent, of gold chloride, heated to 
a temperature of 60° or 70° C. The higher strengths are 
those used at the Denver Mint, where a high current 
density is used. If the hydrochloric acid is insufficient 
m amount, or if the baths are not hot enough, chlorine is 
given off at the anodes and the gold is not dissolved. The 
cathodes are sheets of pure gold, about one-hundredth of 
an inch thick. Under the action of the current all the 
metals m the anodes are converted into chlorides, the 
silver chloride lemaming undissolved for the most part, and 
the other chlorides dissolving. Neaily pure gold is pre- 
cipitated on the cathodes, so that the gold m solution is 
gradually replaced by copper, lead, zinc, tellurium, etc., 
and additions of gold chloride are made to the electrolyte 
at intervals. When the electrolyte has become charged 
with base metals it is renewed, and the gold in the old 
electrolyte is precipitated with ferrous sulphate. The 
anodes recommended by Dr. Wohlwill were 4 mm. thick, 
but are half an inch thick at Philadelphia. The current 
density employed is from 80 to 60 amperes per square foot, 
and the E.M.F. required is little more than half a volt per 
cell. The anodes are dissolved in from 24 to 36 hours. 
The anode mud contains gold, but consists chiefly of silver 
chloride. It is boiled m sulphuric acid, which converts the 
AgCl into Ag 2 S 04 . The average fineness of the fine gold 
returned from the refineiy of the Denver Mint during the 
year ended June 30, 1906, was 999*85. In this period 
1,085,733 oz. of standard gold were refined at a total cost, 
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exclusive of salaries and rent of building, of $44,712 or 4*1 
cents per ounce. 1 It is probable that future costs will be 
lower, and it is stated that they need not exceed 1 cent 
per ounce. 

The advantages claimed for the process are : — 

(1) The small amount of acid consumed. This is stated 
to be only about 2 per cent, of that which would be 
required to dissolve the gold without the aid of the 
current of electricity. 

(2) The absence of acid fumes. At the Philadelphia 
Mint the battery of cells is placed in an ordinary room 
without any special method of ventilation, but no incon- 
venience is experienced. In both the sulphuric acid and 
chlorine processes the fumes are disagreeable and unhealthy 

(3) Platinum, palladium, etc., are recovered instead of 
being left mixed with the gold In the Wohlwill process 
these metals are dissolved with the gold, but are not 
precipitated at the cathodes, and accumulate in the solution. 
When the amount of platinum in solution reaches about 
5 per cent., or the palladium in solution exceeds 0*5 per 
cent., these metals begin to be precipitated at the cathodes. 
The operation is then stopped, and the platinum is pre- 
cipitated with ammonium chloride and recovered. In a 
period of twelve months, in 1899-1900, the Hamburg refinery 
recovered 1*5 kilograms of platinum from 2,000 kilograms 
of gold. The platinum was stated to be worth more than 
the cost of refining 

(4) Floor space is saved and few vats are required The 
space required for the treatment of gold of the value of 
412,500,000 per annum is put at 50 feet by 30 feet. 

1 “ Report of United States Mint foi 1906,” p 22 
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(5) The gold and silver produced are of the highest 
possible quality. All the elements which make the gold- 
coppei alloys brittle are entirely eliminated. Since the 
final installation of the piocess m the United States Mints, 
brittle coinage bars have become unknown, and it has 
been found possible to discontinue the annealing of coinage 
bars m the course of rolling. 

On the other hand, there are difficulties and limitations 
of the process Bars containing less than 850 per 1,000 
of gold cannot be treated by the Wohlwill process, and in 
practice the successive use of the Moebius and Wohlwill 
processes is found to be most satisfactory. The clouble 
treatment makes the whole process of refining gold some- 
what slow, and this is serious if a loss of intei est is 
occasioned. Interest at 3 per cent, per annum amounts 
to one-twelfth of a penny per fine ounce of gold per day. 
The exact length of time required to refine gold by the 
electrolytic process has not been published, but it appears 
to take about a week, against two or three days by the 
sulphuric acid process. 



CHAPTER XIII 


THE ASSAY OF GOLD AND SILVER ORES 

The quantity of gold contained in ores is too minute to 
allow of its being accurately determined by wet methods, 
and the usual method of assay is to melt the sample with 
materials yielding metallic lead, which takes up all the gold 
and silver and sinks to the bottom of the molten chaige 
Suitable fluxes are added to make the ore readily fusible at 
a moderate temperature. After the charge has been allowed 
to solidify, the lead is detached from the slag and sub- 
jected to cupellation. In this operation the lead is melted 
m a cupel or little cup of a porous mateiial (bone-ash or 
magnesia) and oxidised by a current of air. The litharge, 
PbO, so formed is absorbed by the cupel, but the gold and 
silver, the “noble' 5 metals, resist the fire and aie not 
oxidised, and, although melted, their high surface tension 
prevents them from being carried into the pores of the bone- 
ash. They lemain as a bead of metal on the surface of the 
cupel, and after cooling can be detached and weighed. The 
silver is parted from the gold by boiling in nitric acid. 

The process of ore assay is divisible into the following 
sections : — 

(1) Preparation of the ore for assay by sampling and 

crushing. 

(2) Concentration of the precious metals in a button of 
lead by fusion in a crucible, or by “ scorification.” 
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(3) Cupellation. 

(4) Inquaitation and parting. 

(5) Weighing the gold. 

(1) Sampling the ore from a mine is partly carried out 
undei ground by taking pieces fiom diffeient parts of 
the lode In order to sample a heap of uncrushed ore it 
is all broken down to a moderate size, thoroughly mixed, 
and a portion set on one side either by machinery or by 
“ coning and quartering,” or by dividing the heap into two 
halves repeatedly by taking alternate shovelfuls. In coning 
and quartering the ore is heaped up into a cone*, flattened 
down, and divided by two vertical planes at right angles to 
each other. This divides the heap into four ught-angled 
sectois or quarters, and the opposite quarters aie lemoved, 
mixed together, and the operation lepeated as often as 
necessary. Sampling machines either take a definite 
portion, say one-sixteenth, of a falling or sliding stream of 
ore, continuously, or take the whole stream of ore momen- 
tarily at intervals, say during one second in each sixteen 
seconds. The latter is considered most satisfactory. 

When the sample has been taken, it is crushed finer and 
again sampled, and finally a weighed quantity is crushed 
with pestle and mortar or otherwise to very fine powder. It 
is usually considered fine enough if all passes through an 
80-mesh sieve, that is, one containing eighty holes to the 
linear inch; but some ores, such as those containing 
tellurides, must be crushed through a 100-mesh or even 
a 200-mesh sieve. If flakes of gold are caught on the 
sieve (“ metafiles ”), they are collected and cupelled with 
lead and parted separately. 
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Finally the ci ushed sample is well mixed and a portion 
weighed out, usually one or two assay-tons. An assay-ton 
contains 29*166 grams, or as many milligrams as there are 
ounces Troy in a ton of 2,000 lbs. Then, if the lesulting 
gold weighs, say, 1*5 milligrams, the result is at once 
reported as 1*5 oz. of gold per ton of ore without calcula- 
tion. In the assay of very poor materials, such as tailings, 
as much as 12 A.T. (assay-tons) are taken, fused m several 
portions, and the gold and silver added together before 
parting. 

(2) Fusion oi Sconjication . — The oie is usually mixed 
with an equal weight of litharge (PbO), or red lead (Pb 304 ), 
and enough charcoal to reduce from 25 to 30 giams of lead 
to the metallic state, and to reduce all iron oxides to 
the feirous condition. The fluxes to be added depend on 
the nature of the oie. Carbonate of soda is added to form 
a fusible silicate with quartz or sand, and it is also useful 
m taking up and removing sulphur when sulphides are 
contained m the ore. Borax is needed to form fusible 
borates with the oxides of the metals if these are present 
m excess and is advantageous in increasing the fluidity of 
almost any charge. Sand is added in the comparatively 
rare cases in which the ore is deficient in silica. Sand 
forms fusible silicates with alumina, lime, oxides of iron, 
etc , and protects the clay pot from corrosion, but even 
when silica is added, a little carbonate of soda is added 
also, as the double silicates of soda and other bases are 
more fusible than silicates fiee from soda. Iron in the form 
of nails or strips is used when sulphides are present A cover 
of common salt is sometimes added It protects the charge 
from the air and diminishes the chance of loss by spurting. 
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The quantities of the fluxes must be judged from the 
appearance of the ore and the expeiience of the assayer. 
A quartzose ore requires about A.T. of soda carbonate 
and 5 or 10 giams of borax to 1 A.T. of ore. The amount 
of charcoal will be about 1’25 grams. Oxidised ores require 
more charcoal, up to 8 grams or even more, and basic ores 
less carbonate of soda. 

The charge is thoroughly mixed in a basin or on rubber 
cloth and charged into a cold clay crucible which must not 
be much more than half full. The crucible is put into the 
furnace when the temperature is low. If coke is usecLall fuel 
touching the pot should be in the first instance at* black 
heat. The temperature is slowly raised, and after twenty 
minutes the charge should have just reached a very low red 
heat. At this time the lead is all reduced, and remains 
entangled in the charge in the form of minute liquid beads. 
Chemical action now begins between the carbonate of soda 
and the silica. Carbonic acid gas is given off and effer- 
vescence results. The temperature is gradually raised to a 
full red heat, and the lead beads coalesce and sink through 
the liquefying charge, which is continually stirred up by the 
disengaged gas. After a period of forty or fifty minutes 
from the time of charging m, the charge is m a state of 
quiet fusion, and the lead containing the gold is collected 
at the bottom. The nails are then withdrawn, all adhering 
lead shaken off them into the pot, and the chaige poured 
into a warm iron mould, or allowed to solidify in the pot, 
which is broken when quite cold. The lead is found at the 
bottom of the pot or mould, and is detached from the slag 
by hammering. If the charge is melted too quickly part 
of the gold remains in the slag. 
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An older method, sconfication, is still largely used, 
especially for silver ores. Finely-divided granulated lead 
is used instead of litharge and chaicoal, and no fluxes are 
used except a little borax. The mixture of about 0*1 A.T. 
of ore and ten to twenty times its weight of lead 1 is placed 
in a clay dish (a scorifier) and melted in a hot muffle. 
The lead is oxidised by the air, and the silica in the ore is 
fluxed by the litharge. The precious metals are taken up 
by the lead, which diminishes in amount as oxidation 
proceeds until the slag forms a continuous layer over the 
lead. The charge is then poured into an iron mould, and 
the lead detached for cupellation. 

(3) Cupellation — The cupels (see below for description) 
are placed m a muffle furnace, which consists essentially of 
a clay oven or muffle, constructed so that it can be heated 
to bright redness, and can be either closed up or left ojDen 
to the air. Care must be taken to prevent the products 
of combustion of the fuel from entering the muffle. Gas 
muffles are now used wherever possible. 

Fig. 83 is fiom a photograph of one of the gas muffle 
furnaces in use at the Assay Department of the Royal 
Mint. The furnace is covered with a thick layer of 
magnesia lagging. The figure shows the tube at the back, 
fitted with a regulating damper, through which the air 
passes from the muffle. The supply of air to the muffle is 
through the mDuth, which is shown open. 

Cupeh are little cups made of bone-ash or magnesia, and 
are usually lound as in Fig 84, but aie sometimes square. 

1 See Rose’s “ Metallmgy of Gold,” Chap NIX , foi full details as to 
quantities of lead lequired foi diffeient oies , al&o for composition of 
charges m pot fusion 
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The mould is made of gun-metal or steel. The cupels are 
dried very slowly to prevent clacking, and are heated for 
fifteen minutes 01 moie in the furnace before the assay - 
pieces are charged m. Sometimes several cupels are made 
m one piece m a large mould, as at the Royal Mint. 

When the cupels are at a good red heat (about 700°), the 
lead buttons are placed in them by means of tongs and the 
door of the muffle closed while the lead melts. Air is then 
admitted, and the temperature gradually raised. The lead 
bath in the cupel becomes smallei and smaller as lithaige 
is formed and absoibed until all the 
lead has disappeared, and the button of 
gold and silvei remains dull and motion- 
less on the cupel It is then withdrawn 
and the button or pull is detached, 
cleaned, and weighed. 

The losses of gold and silver m cupel- 
lation are mainly due to absorption 
by the cupel. They amount to about 
1 per cent, of the gold and 10 per cent, of the silver in gold 
ores of moderate value containing small quantities of 
silver, if the lead button is free from impuiities when 
charged m. The presence of copper, bismuth, thallium, 
and especially of tellurium and selenium in the lead increases 
the losses of precious metal. 1 Care must be taken m the 
pot' fusion to prevent these metals from entering the lead, 
which can best be done by leaving a considerable pro- 
portion of the lead unieduced m the slag. If the lead is hard 
or brittle in spite of this, it should be scorified with fresh 
lead before being cupelled. It is also advisable to fuse the 

1 Jom Chem Met and Mining Soe. of H Africa, Jan , 1905. 



Fig. 34 —Cupel 
and Mould 
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cupel with litharge, charcoal, and fluxes, including some 
fluor-spar, and to cupel the lesultmg lead. Lead is moie 
often contaminated b}" coppei than by other metals. 

(4) Inquartation and parting . — The bead of silver a*nd 
gold is weighed, flattened, and dropped into nitue acid of 
specific gravity 1‘16 heated nearly to boiling The silver is 
dissolved, leaving the gold as a black scale of the same size 
and shape as the original flattened bead. If there is too high 
a proportion of gold, some silver is retained by it. The 
most suitable proportions of silver for different weights of 
gold are as follows : — 


Weight of Gold 

Proportion of Silver to Gold. 

Less than 0 1 milligram. 

20 or 30 to 1 

About 0*2 „ 

10 to 1 

a 10 ,, 

6 to 1 

„ 10*0 

4 to 1 

More than 200 0 „ 

2£ to 1 


If the silver is deficient, the piill is cupelled with more 
silver after having been weighed. This operation is called 
inquaitation, the word coming from the old view that the 
gold should be a quaiter of the whole. Prills containing 
less than one milligram of gold are parted in a few seconds, 
but are generally heated fuither for a minute or two. 
With large quantities of gold and silver, a second boiling 
in fresh acid may be necessary. The parting vessel is 
usually either a glass test tube or a glazed porcelain 
crucible. 

(5) Weighing . — The paited gold is washed by decanta- 
tion, dried, and annealed by being raised to a red heat. It 
then assumes the ordinary yellow colour of gold, shiinks, 
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and becomes harder. It is placed m the pan of a delicate 
assay balance by the point of a pen-knife or other instru- 
ment and weighed. The silver is detei mined by the 
difference between this weight and that of the gold and 
silver together. The balance should turn with j ^ milli- 
gram or less. If 1 A.T. of ore has been taken for assay, 
the unit of weight will then be equivalent to or 
2*4 grams per ton. If 12 A.T. are taken, as m the case of 
the poorest tailings, the unit of weight will be 0*2 giam 
pei ton. This is sufficiently accuiate foi almost all cases. 



CHAPTER XIY 


THE ASSAY OF GOLD AND SILVER BULLION 

Unrefined gold bullion contains some silver and variable 
quantities of base metals, and it is usually necessary to 
determine the proportion of both gold and silver. In the 
case of refined gold bullion, the gold alone is detei mined, 
silvei, if any, being disregarded. Gold is always deter- 
mined by the “parting assay,” which consists in cupella- 
tion with from two to thiee parts of silver, followed by the 
removal of silver by boiling in nitric acid and the weighing 
of the gold residue The silver m lefined silver bullion is 
determined in one of four ways — by cupellation, by conver- 
sion into chloiide, which is then weighed (India Mint 
method), by titration with common salt (Gay-Lussac 
method), or by titration with thiocyanate (Yolhard method). 
Silver in gold bullion is usually determined by difference, 
the gold and silver being estimated together, and the gold 
determined separately m the same or another estimation. 
Small quantities of gold in silver bullion are determined by 
parting in nitric acid and subsequent collection and weigh- 
ing of the finely-divided gold. 


The Parting Assay of Gold in Bullion. 

A clean piece is cut off the ingot, or a small quantity is 
dipped out of the molten metal. The sample is then 
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flattened by hammering, and a portion of it, usually 
amounting to half a gram in weight, is weighed out on a 
delicate balance, the weight of the assay piece being adjusted 
bycuttmg with shears and filing. The piece is then wrapped 
in lead foil together with about a gram of silver and a few 
milligrams of copper, if none is contained in the gold bullion. 
Four or five grams of lead are enough for bullion contain- 
ing no more than 10 per cent, of base metals, the object of 
the cupellation being less to remove the whole of the base 
metals than to provide a clean and perfectly mixed button 
or prill of gold and silver. 

The alloy for parting should not contain less than two 
nor more than three paits of silver, copper, etc., to one 
part of gold After a long series of experiments at the 
Royal Mint, it has been found that the most exact results 
are obtained by using a latio of silver to gold of about 
2J to 1. If silver is contained m the gold bullion, it is 
allowed for in calculating the quantity of silver to be added. 
Thus, for example, bullion containing 315 parts of gold and 
685 of silver per 1,000 would not require the addition of 
any more silver. An alloy containing 500 paits of gold 
and 500 of silver would require the addition of about 600 
parts of pure silver. Base metals such as copper can 
leplace part of the silver m the parting alloy, but m prac- 
tice most of tl^e copper is removed dining cupellation. In 
the assay of bullion of unknown composition, the per- 
centage of gold is judged by the opeiator, who is guided by 
the colour and haidness of the alloy and by his expenenee 
of bullion fiom the same source In doubtful cases a pre- 
liminary assay may be made with twice the weight of 
silver. Approximately accurate results aie obtained with 
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any amount of silver between tw*o and three times the 
weight of the gold. 

The assay piece of gold, silver, copper, and lead is charged 
into a muffle furnace in which cupels have pieviously been 
raised to a full red heat. The mixture at once melts on 
the cupel and begins to be oxidised, fumes of litharge rising 
slowly in the furnace. The molten metal is gradually 
i educed m size by the oxidation and removal of the lead, 
and towards the end of the operation bright spots of 
litharge are seen to be formed and to move to the edge of 
the lead and disappear. At last no more such spots aie 
formed and the metal becomes dull and motionless. A 
few minutes later the cupel is withdrawn by tongs and the 
bea<T allowed to solidify, when the setting fiee of the latent 
heat causes it to brighten or “ flash.” If no copper had 
been added, the disengagement of oxygen at the moment of 
solidification would cause the button to spurt or “ spit,” 
and the assay would be spoilt by the loss of some metal. 
Spitting is moie likely to occur the higher the percentage 
of silver m the button. When the cupel is cool the prill is 
removed, cleaned from bone-ash by brushing, and flattened 
by hammering. It is then annealed by heating to redness, 
lolled out into a strip about two inches long by a passage 
through a pair of jewellers’ rolls, and again annealed. The 
strip is coiled up by the fingers and dropped jmto hot nitric 
acid of S.G-. 1*16 to S.G. 1*26. 

If large numbers of assays are made together, each coiled 
strip or cornet is placed in a little platinum cup, contained 
m a platinum tray which is plunged bodily into nitric acid 
for parting. At the Boyal Mint the platinum trays contain 
144 cups, and 80 oz. (about 2-25 litres) of nitricjtcid of 



THE ASSAY OF GOLD AND SILVER BULLION 209 


S.G. 1*20 are used. For a smaller number of assays a 
larger amount of acid for each assay piece is required, a 
single assay requiring about oz. Assay pieces contain- 
ing more than about three parts of silver to one of gold 
generally break up in the acid and must therefore be boiled 
separately in small glass vessels — t£ parting flasks.” When 
the temperature of the acid reaches about 95° the silver is 
attacked and brown nitrous fumes are disengaged. After 
about half an hour, the brown fumes having disappeared 
and the acid boiling freely, the assays are removed, washed 
in hot distilled water, and again boiled for half an hour m 
nitnc acid free from silver. At the Eoyal Mint 80 oz. of 
acid of S.G. 1*20 are used for 144 assays in the second 
boiling At the end of this time most of the silver has 
been dissolved, and the cornets consist of gold about 999 
parts, silver about one part. They are then washed, dried, 
and heated to ledness. 

The cornets are weighed on a delicate balance and their 
exact weight recorded. It is to be observed that gold is 
lost during cupellation, chiefly by being earned into the 
cupel. The amount varies with the proportion of copper, 
being about 0*3 or 0*4 per 1,000 when the copper in the 
gold does not exceed 10 per cent., and more if large quan- 
tities of copper are present. On the other hand, about 
1 pei 1,000 of silver is letained by the gold, which could be 
reduced to about 0*5 per 1,000 by a third boiling. Conse- 
quently it is necessary to subject pieces of fine gold (called 
“ proofs ” or “ checks ”) to the various operations side by 
side and under identical conditions with the assay pieces, 
and thus to determine the “ surcharge ” or net sum of the 
losses and gains incurred in the various operations. The 

p.m. p 
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surcharge is usually positive, a proof weighing 1,000 at the 
beginning attaining a weight of about 1,000*5 at the end. 
The accuracy of the results depends on treating all the 
assay pieces alike, and this can be judged by the agree- 
ment between two or more pi oofs At the Eoyal Mint a 
batch of 72 assays, including six proofs, is charged into 
the furnace simultaneously by means of a charging tray 
and withdrawn simultaneously. They are also annealed 
and boiled in acid together. A high degree of accuracy is 
attained and results can be obtained correct to within 0*05 
per 1,000. 

Parting Assay of Gold and Silver in Bullion. 

A small quantity of gold, such as 10 pe® cent, or less, 
does not materially interfere with the accuracy of the assay 
of silver bullion described in the sequel. The gold is deter- 
mined by parting, the alloy being boiled m nitric acid in 
a parting flask The gold residue breaks up into a number 
of fine particles, and w 7 hen the silvei is completely dissolved 
the gold is allowed to settle, and is washed twice by decan- 
tation with hot water. It is then transferred to an un glazed 
porcelain cup in the following manner. The flask is filled 
to the brim with water, the cup is inverted over its mouth, 
and flask and cup are then turned over together. A little 
water flows out into the cup and then forms a seal, and the 
particles of gold fall into the cup. The flask is best with- 
drawn after immersing thew 7 hole m a vessel of water, when 
the gold particles are not disturbed. The gold is then dried 
and annealed in the cup and is ready for weighing. It is 
in the form of a coherent cake, which can be removed from 
the cup to the balance pan by means of a pair of forceps. 
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The presence of a small propoition of silver in gold bullion 
is a source of greater difficulty, although the determination 
of the gold is not mterfeied with. The silver is usually 
determined by difference, the gold and silver being weighed 
together after cupellation and the gold estimated in another 
portion. An alternative method is to melt the assay piece 
with two and a half times its weight of cadmium under a 
cover of potassium cyanide in a porcelain cup, dissolve the 
cyanide m water, and part the alloy m nitric acid. The 
cadmium and silver are dissolved and the silver is precipi- 
tated by hydrochloric acid and weighed as chloride. The 
gold lesidue is also weighed. Proofs of similar composition 
are lequired if extreme accuracy m the results is desired. 


The Cupellation Assay of Silver Bullion. 

In this process the base metals aie removed by cupella- 
tion and the silver prill is cleaned and weighed. The 
weight of silver bullion taken is generally about 10 grams 
The amount of lead required varies with the composition of 
the silver bullion, the minimum quantity being about six 
times the weight of the silver. This is suitable for silver 
not less than 925 fine (925 paits per 1,000). More lead is 
required for silver of lower fineness. D’Arcet recommended 
ten times the weight for silvei 800 fine and twelve times 
for silver 700 fine. The cupellation furnace is kept at a 
lower temperature than is required for gold bullion assay- 
ing, but must be raised to above the melting point of silver 
(962°) at the end, as otherwise the metal may set in the 
furnace before all the lead has been removed. When the 
cupellation is complete the door of the furnace is closed. 

p 2 
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All chinks aie stopped by means of bone-ash, and the furnace 
is allowed to cool down slowly and evenly. If the molten 
beads weie removed before solidification, spitting would 
result, but as soon as they have solidified they are with- 
drawn from the furnace, cleaned, and weighed. 

The absorption of silver by the cupel is large, amount- 
ing to about 10 per 1,000, and vanes considerably, being 
increased by a higher temperature of the furnace and by 
the presence of a larger amount of copper or of lead. It is 
therefore necessary to use several proofs in dif%ent paits 
of the muffle, and to make them up of the same composition 
as the assay pieces. 

This piocess is very ancient and was described by 
Agncola m 1556 It has been largely displaced by the 
wet processes introduced m the nineteenth century, but is 
still in wide use It is accurate to about 0*5 per 1000 
w T hen nearly pure silver is being assayed. 

The Gay-Lussac Process of Silver Bullion Assaying. 

This is a volumetric process m which the volume is 
measured of a standard solution of common salt (NaCl) or 
of sodium bromide required for the precipitation of a known 
amount of silvei nitrate. No indicator is used, and the end 
of the opeiation is judged from the appearance of an 
exceedingly faint cloud produced by sodiu,m chloride in a 
solution from which almost all the silver has been piecipi- 
tated. It is the most accuiate method of silver bullion 
assaying at piesent known, capable, with proper precautions 
and the expenditure of sufficient time, of giving results 
accurate to about one part in 100,000. As ordinarily 
carried out it is accurate to one part in 10,000. 
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The usual method is to make up a solution of common 
salt of such a strength (5 416 giams NaCl per litre) that 
100 c c. of it will precipitate one gram of silver. This is 



Fig 3 6 — Stas Pipette 


called the “ noimal solution.’ 5 An amount of silver bullion 
containing about 1‘008 grams of silver is then weighed 
accurately, transferred to an 8 oz glass bottle, and dissolved 
in nitric acid on a hot plate. The composition of the 
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bullion must be known approximately before the weight to 
be taken can be determined. If the composition is, say, 
900 fine, then the weight to be taken is grams, or 



Em 37 — Shaking Machine used m Gay-Lussac Pfocess of Silver 
Bullion Assay 


1*115 grams. The normal solution is then run into the 
bottle from a pipette containing 100 c.c (see Fig. 35), and 
the contents are shaken until the silver chloride has curdled 
and will settle to the bottom, leaving the supernatant liquid 
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clear. One of the shaking machines in use m the assay 
laboiatoiy of the Eoyal Mint is shown in Fig. 87. It holds 
twenty bottles. After the liquid has been shaken it is tested 
by, the addition down the side of the bottle of 1 e.c of a 
decinormal solution of salt, from a hand pipette shown 
in Fig. 86. This is equivalent to the addition of one- 
thousandth (a millieme) of the 100 c c. of solution originally 
added. If a cloud is formed near the surface of the liquid 
the amount of salt solution required in the judgment of the 
operator, based on the density of the cloud, to precipitate 
the rest of the silver is added, and the bottle is shaken 
again and tested once moie. The end leaction is marked 
by the gradual formation in the course of about ten minutes 
of a faint cloud, the value of which in tenths of a millieme 
is judged by the assayer. For example, the fiist addition 
of salt precipitated 1*000 giam of silver, the second addition 
of say 4 c c. m all of decimal solution precipitated 0*004 gram 
silver ; then suppose that the cloud produced by the third 
addition was declared to be equivalent to five ten-thousandths 
or 0 0005 gram silver. It follows that the total amount of 
silver piesent in the assay piece must have been 1*0045 
gram, whence its composition can be calculated. 

Mercury interferes with the method, as it is precipitated 
with the silver, but its presence is detected by its prevention 
of the darkening of silver chloride when exposed to light. 
The effects on the assay result caused by a small proportion 
of mercury aie removed by the addition of acetate of soda. 

It is, of course, necessary to use check-assays in order to 
test the strength of the solution. The method was invented 
by Gay-Lussac in 1882, and has displaced the cupellation 
process in almost all mints and in many piivate assay offices. 
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The Yolhard Method of Silver Bullion Assaying. 

This method was proposed by J. Yolhard m 1878, and is 

particularly suitable for the assay of silvei plate at the hall- 

* 

marking offices. In this work the exact composition of 
the silver bullion is not required, but tests are made to 
ascertain that the proportion of silver m the bullion is not 
less than the standard prescribed by law. In England 
there are two standards containing 925 parts $|r 1,000 and 
958 S paits per 1,000 respectively. 

At the Sheffield Assay Office, 1 where the method is in 
use, a quantity of bullion is taken, such that about one 
gram of silver is present. It is dissolved in 10 c c. of dilute 
nitric acid (S.G 1*2) in a bottle of about 250 cc. capacity 
and heated in a water bath until all traces of nitrous acid 
are expelled. The solution is then diluted with 50 c.c. of 
water containing 2 c c. of a saturated solution of non alum 
decolorised by nitric acid, and 100 c c. of “normal” 
ammonium thiocyanate is added from a pipette. This 
solution contains about 7 04 grams of NH4CN8 per litre, and 
100 c.c. is sufficient to precipitate about one gram of silver. 
The bottle is then well shaken for about two minutes, when 
the white precipitate of silver thiocyanate settles to the 
bottom and leaves the liquid clear. If some silver is still 
in solution, the liquid retains the pale green colour due to 
the dissolved copper originally contained °m the silver 
bullion. If, however, the ammonium thiocyanate is m 
excess, the liquid is coloured red from the action on it of 
the feme salt. Proofs are used consisting of the same 

1 “ Assay ot Silvei Bullion by Yolhard’ s Method” E A Smith 
Trans Inst of Mining and Metallurgy, Yol XU (1907), p 154 
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weight of a standard silver trial plate as is taken of the 
bullion to be tested. The strength of the solution of thio- 
cyanate is adjusted so that the liquid becomes of a pale red 
colour in the proof bottle. Then, if the other bottles 
contain green or still paler red liquids, the silver in the 
bullion tested is of higher standard than the trial plate, 
and the wares are passed. If the liquid in an ordinary 
assay is of a deeper red than that in the trial plate bottle, 
the bullion is below standard and the wares are condemned. 
By making use of a “ decinormal ” solution of thio- 
cyanate, and adding it little by little, the colour m all the 
bottles can be made the same, and the exact composition of 
the bullion ascertained correctly to about 0*2 pei 1,000, or 
even more closely. 


The India Mint Method of Silver Bullion 
Assay. * 

This method was introduced by Dr. Dodd, of the Calcutta 
Mint, in 1851. It consists in adding an excess of hydro- 
chloric acid to a solution of nitrate of silver and weighing 
the silver chloride produced. The weight of silver bullion 
taken is 18*817 grains, which is equivalent to 25 grains 
of silver chloride if the bullion consists of pure silvei. 
After precipitation, the bottle is well shaken, and the 
chloride is allowed to settle and is washed by decantation. 
The chloride of silver is transferred to a Wedgwood cup 
by placing the latter over the mouth of the bottle and 
inverting it. Afterwards the excess w T ater is pouied off, 
the chloride broken up by a glass lod, and dried. The 
drying is finished on a hot plate, and the cake of chloride 
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is weighed while still warm. A set of weights is used in 
which the “ 1,000” weighs 25 grams, and the smaller 
weights are in proportion, so that the composition of the 
alloy is indicated without calculation. # 

In this method the gold remains unchanged and is 
weighed with the chloride of silver. 



CHAPTER XY 


MINTING 

Minting is the manufacture of coins from gold, silver, 
and other metals under the authority of the State. In 
early times the exchange of commodities was earned on by 
means of barter, but the difficulties met with under this 
system caused attempts to be made to establish a medium 
of exchange by which the values of all commodities might 
be expressed in terms of one of them. In pastoral commu- 
nities cattle and skins weie used for this medium, and the 
origin of the Latin word pecuma (money) may be traced m 
this way from pecus (cattle). There are certain necessary 
properties which money must possess, such as high 
intrinsic value, indestructibility, divisibility, etc., and these 
appertain to metals in a far greater degree than to other 
commodities. Accordingly pieces of metal w 7 ere used for 
money in Egypt at an early period, and subsequently, about 
700 b c., the manufacture of coins was begun in the island 
of iEgma and in Lydia. The ait of minting spread among 
the Greeks apd was carried by them to Italy and other 
countries around the Mediterranean, and also into Asia. 
Coming of silver began in Rome m 269 b.c. and was intro- 
duced by the Romans throughout a laige part of Europe. 

The earliest coins were made by casting in spherical or 
conical moulds. The cast metal was then placed on a little 
anvil and marked with a bronze die by means of heavy 
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blows of a hammer. The lower side or reverse of the coin 
was also marked by the shaip edges of the anvil (ambos), 
which was smaller than the com. Subsequently the anvil 
w r as engraved with various devices and was ultimately 
replaced by a reverse die. The “ blank” was made red 
hot and struck between cold dies which were held in 
position by tongs or by a roll of lead to protect the hand 
of the woikman. One of the great improvements intro- 
duced by the Romans was the use of iron dies, which were 
sufficiently haid and durable to allow of the coins being 
struck while cold. Later, stiip-shaped bars of metal were 
cast, and square pieces cut fiom them and hammered 
round. The discs prepared in this way were then struck 
between dies, and their edges sometimes trimmed with 
sheais. The smaller coins, such as the silvei pennies 
made in England m the Middle Ages, were made from sheet 
metal reduced in thickness by hammering and were cut 
approximately round by sheais. Such “ hammered money ” 
continued to be manufactured m England until 1662 and 
was m circulation until 1696. 

In 1662 the <£ mill and screw ” were finally established m 
London, after having been tried for a short time in 1561. 
The “ mill ” was a lolling mill used to reduce the thickness 
of the cast bars, and the “ screw ” was a sciew-press used 
for applying the power in striking the coins. A collar to 
surround the coin whilst it was being struck v r as intro- 
duced at the same time. The inside of the collar w 7 as 
sometimes smooth and sometimes maiked with corruga- 
tions or inscriptions. The money was known as “ milled 
money,” and the chief noticeable difference between it and 
“ hammered money ” was that its size was invariable and 
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its edge marked. Hence aiose the phrases “milled edge ” 
and “milling,” referring to the graining on the edge, 
although the rolling mill had nothing to do with the marks 
oh the edge. As had been hoped, the practice of clipping 
money fell into disuse on the introduction of the milled 
edge. An even greater improvement than the new collar, 
introduced at the same time, was the cutting machine by 
which the blanks were punched out fiom the flattened bars. 

All these machines had been originally introduced m 
Paris in 1558, and they were finally set up at the French 
Mint in 1640. The power used to drive the machinery was 
supplied by workmen at first, but their place was soon 
taken by horses, which were finally displaced by steam in 
Birmingham m 1788, in London in 1810, and in Phila- 
delphia m 1885. Numerous minor improvements in mint- 
ing were made in the nineteenth century, chiefly having 
for their object the saving of time in manufacture rather 
than the pioduction of better-executed coins. Among the 
chief improvements were the introduction of the lever piess 
for striking in 1889, and the invention of automatic 
balances for weighing single coins m 1848. 

The manufacture of com from gold and silver bullion 
involves a number of operations which may be ranged 
under the following heads : — 

1. Valuation of the bullion received at the Mint. 

2. Melting the metal and casting it into bars. 

8. Polling out the bars into stiips or “ fillets. 1 2 * 4 5 ’ 

4. Cutting discs or blanks fiom the strips. 

5. Adjusting the weight of each blank. 

6* Edge-rolling the blanks. 
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7. Annealing and “blanching” the blanks. 

8. Striking the coins. 

9. Weighing each com. 

10. “ Telling ” and packing the com. 


Valuation of Bullion. 

Gold may be sent in to the London Mint for coinage by any 
one who has some in his j>ossession, the only restrictions 
being that the average fineness must not be less than 
916 6 per 1,000, the standard fineness of sovereigns and 
half-sovereigns, and that the gold must be suitable for 
eonveision into com without further lefinmg. There is 
no refineiy in the Mint, and unrefined gold is not received. 
The gold is converted into coin at the late of £3 17 s. lOJd. 
per standard ounce troy without any charge or deduction 
whatevei. The price of standaid gold m the London 
market vanes from £3 17 s 9 d. to about £3 18s., but 
it is never profitable for ordinary owners of gold bullion 
to send it to the Mint, because the eonveision into coin 
usually takes some weeks and the interest on the value of 
the gold amounts to over 2d. per oz. per month. The 
result is that the Bank of England alone sends gold into 
the Mint. The metal is usually m the form of refined 
ingots, each weighing about 400 oz. and containing over 
99 per cent of gold The ingots are weighed in the 
presence of a representative of the Bank of England on 
scales turning easily to 0 005 oz. A piece is then cut 
from the ingot and is assayed as described in Chapter XIV. 
The number of standard ounces of gold in each ingot is 
calculated from the weight and the assay, and a notification 
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of the estimated value of each consignment sent to the 
Bank. Unless an objection is made, the mgot is then 
passed for melting. The numbei of ingots usually sent 
tg the Mint at one time is 200, of the value of about 
£840,000, and four times this amount is sometimes received 
in a week. 

At the three Australian mints, which are situated at 
Sydney, Melbourne, and Perth, unrefined gold is received 
for treatment. It is weighed and assayed (usually after 
being melted), and the value is then calculated. This is 
paid to the owner of the gold a short time later, less a 
deduction made to cover the cost of refining and coining. 
The charges vary somewhat at the different mints, and 
are higher for small consignments and for bullion con- 
taining considerable quantities of base metals. The actual 
amount of the charges at the Perth Mint in 1907 was equal 
to 2 65d . per oz. of the gross weight of metal sent in. 1 
But inasmuch as only a part of the silver contained m 
the bullion is paid for, the real total of the deductions 
was equal to about 4*78rf. per standard ounce of gold 
sent in 

In the United States unrefined gold is also received at the 
mints and Government assay offices. It is valued, and a 
charge for treatment made to cover the cost of refining, etc., 
including the waste of metal. The charges usually amount 
to about 6 or *8 cents per ounce of gold. 

Silver bullion is no longer received for free coinage at 
any mint. The usual practice at mints at the present day, 
with currency on a gold basis, is to purchase silver bullion 
with Government funds and to coin it into pieces required 
1 “ Thu ty- eighth Annual Repent of the Mint,” p. 137. 
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lor circulation at rates giving a large percentage of profit. 
The silver coins then circulate at values which are far 
greater than that of the metallic silver contained in them, 
and can only be kept from depreciation by strictly limiting 
the supply and by withdrawing from circulation any un- 
necessary coins at their full “ face ” value at the expense 
of the State. In England one ounce of standard silver 
is coined into 5s. 6d m silver money, and similar rates 
are in force m many other countries. 

Refined silver bullion is usually sold m the form of ingots 
which weigh from 1,000 to 1,200 oz., and often contain 
over 99 9 per cent, of silver. 


Manufacture of Coin. 

The bullion is melted m plumbago crucibles, together 
with the copper required to pioduce bars of the correct 
composition. In England standard gold consists of 916*6 
parts of gold and 83*3 parts of alloy metal, and standard 
silver contains 925 parts of silvei and 75 parts of alloy. 
Abroad the 900 standard is generally used, with some 
exceptions. The crucible was formerly heated m coke 
furnaces, but latterly the use of gas or oil fuel has been 
spreading rapidly. 

One of the disadvantages of coke for fuel is that the fire 
has to be made up afresh for each charge. At the Royal 
Mint, London, where coke is still in use, when the charge is 
ready to be poured, some of the firebai s are taken out and all 
the coke is raked down into the ashpit. The crucible is then 
lifted out, and as soon as possible the same or another crucible 
is put in its place and the furnace is again filled with coke. 
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This involves a great loss of heat, and restoking with cold 
fuel is also necessary in some eases before the melting of 
the chaige can be completed, so that farther loss of heat 
tal^es place. The result is that the work of the furnace is 
delayed. With oil 01 gas foi fuel the heating is continuous 
and more chaiges can be melted in a day. 

The greatest disadvantage in the use of solid fuel, how- 
ever, lies in the production of ashes which become enriched 
with particles of the precious metals. The mint “ sweep” 
consists of these, together with the crucibles and floor 
sweepings. They are ground up (sometimes with the 
addition of mercury) m edge-runner mills resembling 
mortar-mills, and washed for the recoveiy of the flattened 
pellets of gold and silver or of the amalgam. The residues, 
which still have some value, are sold to smelters, a course 
which involves some loss to the mints. The greater 
part of the “ sweep ” results fiom the ashes of the fuel, and 
when oil or gas is used, the inconvenience due to this 
portion is avoided. A blast of air is generally used with oil 
or gas, and a flame produced like that from a blowpipe. 
Care must be taken to pi event the flame fiom impinging 
directly on the crucibles or they will be rapidly burnt 
through. Checker-work of brick is sometimes used to 
leceive the direct flame, which afterwards spreads out 
round the crucible. 

At the Lonaon Mint gold is melted in crucibles about 
10^- inches m height, containing 1,200 or 1,300 oz. of 
metal, and silvei m largei crucibles containing over 5,000 oz. 
In some foieign mints larger crucibles are used, holding 
500, 600, and even 1,000 kilograms (32,000 oz.). When 
such large pots are used, the molten metal is ladled out for 

Q 
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well stmed, aie poured into moulds by^ tilting the cmcible. 
The crucibles containing silver, bronze or nickel are lifted 
by a travelling electric crane and placed in a tilting cradle, 
shown at the front m Fig. 38. 1 A pot is shown in Fig. 38, 
held in the basket tongs and suspended from the crane. 
The iron moulds are shown on their wheeled truck close to 
the cradle in the same figure. The dimensions of the 
moulds vary somewhat, sovereign bars, for example, being 22 
inches long, 1J- inches wide, and J inch thick. The cradle is 
tilted by a hand crank working through geared wheels. 

After assay, the cast bars, having been cleaned, their ends 
cropped and the rough edges filed off, are reduced in thick- 
ness by rolling. Heavy pinches between the 44 breaking 
down ” rolls, which are 15 inches in diameter, aie applied at 
first, and subsequently lighter pinches are given m the 
smaller “ thinning ” and “ finishing ” rolls. The bars 
increase in length as their thickness is diminished, but their 
width is hardly affected. 

In Fig. 39 the breaking-down rolls m the silver and gold 
rolling room at the Royal Mint are shown. The illustration 
is from a photograph taken by Mr. S. W. Smith. The rolls 
are driven by an electric motor placed under the floor and 
connected by chain gearing The apparatus for adjusting the 
space between the rolls is shown at the top of the framework. 
A truckload of bars is in front. The distance between the 
faces of the rolls is reduced after each passage of the bars 
through them. A number of spare rolls is shown on the wall 
of the room, but the breakage of a roll is of rare occurrence. 

After repeated passages through the rolls, the silver bars 

1 Tigs 38, 41, 43, 44, 45, and 46 are fiom photographs taken by- 
Mr J. E. Barnard 

Q 2 
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become hard and are usually annealed by subjection to 
a low red heat in gas furnaces before the rolling can be 
completed. At the Vienna Mint the silver bars are 



Fig. 39 — Rolling Room, Royal Mint. 


annealed several times, in London only once, and in the 
United States, since the introduction of the electrolytic 
refining process, the improvement in the purity of the 
metal has enabled annealing to be dispensed with. 

When the rolled-out bars or “ fillets ” are of the correct 
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The cutting 100 m at the Royal Mint is shown in Fig. 40, 
■which is from a photograph taken and kindly lent by 
Mr. Edward Rigg, I S.O., the Superintendent of the 
Operative Department. 

Some of the cutting machines are shown at closer 
quaiters in Fig. 41. The punches or cutters descend 
owing to the revolution of an eccentric, and the pieces 
of metal are cut from the stiip between the edge of the 
cutter and that of a hole m a steel plate which the cutter 
fits accurately. 

The “ selssel ” or residual metal (see Fig. 42) is i ©turned 
to the melting house. 

In Fig. 42 the 
ai l angement used 
when two rows of 
blanks are cut from a 
fillet is shown. This fig 42 — Scissel 

is the usual number, 

but only a single row of laige coins, such as dollars or 
crowns, is cut fiom a fillet, w T hilst three rows of pennies 
and five of farthings are cut from each strip. 

The blanks are passed through an “ upsetting 9 5 machine 
(called the maiking machine) for the purpose of rolling up 
and thickening their edges, and are afterwards again 
annealed. In the case of gold and bronze, furnaces are 
used from which ail is eaiefully excluded by a water-seal 
so as to prevent the blanks from being discoloured by 
oxidation. Silver blanks, however, are heated with free 
access of air, and their surfaces become blackened owing to 
the formation of oxide of copper. The rotary gas furnaces 
m use foi this purpose are shown in Fig 48. A bag of 
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blanks is emptied into the month of the furnace, and the 
pieces are conveyed to the other end of the furnace by means 
of an internal Archimedean screw. They fall through an 



Pig 43 — Annealing Pinnaces for Silver Blanks, Eoyal Mint 

aperture into a copper tray placed to receive them, having 
been raised to a dull red heat during therr passage through 
the hot zone. 

The blackened silver blanks are pickled or 44 blanched ” 
by dipping m hot dilute sulphuric acid. Any oxide of 
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copper formed on the surface dm mg annealing is removed 
m this way and a film of pine fiosted silvei lemams, 
coating the blank. In many mints the blanks aie weighed 
before being struck, and those of mconect weight are 
eliminated. Light blanks aie returned for melting, and 
heavy ones are adjusted by filing by hand or m a machine. 
In the Royal Mint the process of adjusting blanks was 
abandoned m 1869, and individual pieces are not weighed 
until they have been struck. 

The modern coming press was invented by Lhlhom m 
Germany in 1889, and altered or independently devised by 
Thonnelier in Paris immediately afterwards. The blank 
is placed by the machine on the lower die, and is surrounded 
by a collar which is either plain or cienated, according to 
the denomination of the com to be stiuck. The upper die 
is then bi ought down on the blank by the straightening 
of a toggle- joint, which is effected by the movement of 
a bent lever. A single blow is sufficient foi the manu- 
facture of each com, the designs on both sides being 
made simultaneously, while the metal is foiced laterally 
by the enormous piessure into the conugations of 
the collar. 

The press-room at the Royal Mint is shown in Fig. 44 
TheLe aie 19 presses, and each of them can strike from 
90 to 125 coins per minute. The force of the blow 
varies with tlie com to be stiuck. The pressure required 
by a hydraulic press to strike an Amencan dollar 
(1 529 m. diam ) was found at the Philadelphia Mint 
to be 160 tons, and m the case of a rupee (1*205 in. 
diam.) it w r as found at the Bombay Mint to be 185*7 
tons. The pressures exerted m the screw coining press 
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temperature about 20° 0 , and the rupee about 25° by the 
blow. 1 

After being struck, each individual coin is weighed 
separately to determine whether it is within the legal 
limits of weight. It is not possible to make all coins 
of exactly the same weight, and 'the maximum difference 
from the standard weight allowed by law is called the 
“remedy.” It amounts to 0*2 grain above or below the 
standaid weight of 128*274 giains in the case of the English 
sovereign, or about 1*62 parts per 1,000. The remedies on 
silver coins and on foreign coins are pi oportionally greater. 
The coins are weighed on automatic balances which were 
invented in 1843 and have undergone some changes The 
modified Cotton-Pilehei balance used at the Royal Mint 
consists of a steel beam with steel knife-edges supporting 
two “ pans,” one for the coin, the other for the counter- 
poise weight. The beam is allowed to move freely for 
about a second under the influence of the weight of the 
com acting against the counterpoise, and it is then seized 
by forceps and held firmly in its new position. By an 
ingenious arrangement of levers, the position of a shoot 
down which the weighed com falls is determined by the 
final position of the beam. According to the weight of the 
com the shoot stops above one of three slots, and heavy, 
light, and good coins are discharged through different orifices 
and make their way into different compartments of a box. 

These automatic balances are shown m Fig. 45. Each 
balance weighs about 22 coins per minute, and is sensitive 
to 0*01 gram. The proportion of rejected com was formerly 

1 See pamphlet by Capt J J. Bout ke and W G Nichols Privately 
printed 
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and is usually below 1 per cent, in that of silver coin. 
This difference is due to the comparatively small remedies 
allowed for gold. 

• finished com is examined for superficial defects, 
dumb pieces are eliminated by testing the “ ring,” and the 



Fig. 46 — Telling Machine, Koyal Mint 

good pieces are counted and packed in bags by “ telling ” 
or counting machines, one of which deals with 8,000 pieces 
per minute. This is shown m Fig. 46. The machines con- 
tain a serrated wheel on an inclined table, with semicircular 
notches on its periphery. The coins are made to pass down 
a nairow shoot in single file and are gripped by a pair of 
india-rubber driving wheels which force the coins forward 
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and so cause the wheel to lotate, but only one coin is passed 
forward by each notch, so that w T ith each revolution of the 
wheel a definite number of coins pass down the shoot and 
fall into a bag. When the correct numbei of coins have 
passed the w T heel and entered the bag, the machine stops 
automatically. For example, 1,200 pence are counted into 
one bag. The bag is then lemoved, a new one substituted 
for it, and the machine is restarted. There are four such 
serrated wheels on the machine shown in the illustiation. 

Composition of Gold and Silver Coins. 

The eailiest gold alloy used for purposes of currency was 
elect) urn, a natiually occunmg silvei -gold alloy containing 
60 to 80 per cent o£ gold. In the Hellenic world, however, 
the coins of gold and silvei weie remarkably pure, the gold 
coins sometimes containing only 3 per 1,000 of silver. 1 
Some of the Greek silvei coins contained 30 per 1,000 of 
copper, but others were from 983 to 986 fine. The Romans 
m Republican times used pure gold and silver. Under the 
Empne, copper was intentionally added, and in some reigns 
the coinage became veiy debased, containing only a few parts 
of precious metal per 1,000. In England after the Conquest 
the gold standard was 994-8 for a long time, but the last 
coins of this composition were struck m 1637 The present 
standard of 916*6 was first instituted m 1525, the ostensible 

■a 

object of the lowering of the standard being to prevent the 
exportation of the com to Flanders. The view that the 
copper preserves the com from rapid wear is of far more 
recent date. The silver standard of silver 925 parts, copper 

1 Lenormant, “ La Monnaie dans l’Antiquite,” Yol I., p 1S7 
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75 parts, lias been in use since Anglo-Saxon times, except for 
a brief period of debasement m the reigns of Henry Till, 
and Edward VI., when the gold coinage was also debased. 
The 900 standard for both gold and silver w T as introduced 
in France in 1794 and has been adopted in many other 
countries. For subsidiary silver coins, however, lower" 
standards (especially 835 hne) have been introduced, in the 
Latin Union and elsewhere, the alloy in use containing 
most copper being that adopted by Scandinavia and Den- 
mark for small coins (10 ore pieces), rvhick contain 400 
parts of silvei and 600 parts of coppei. 

The following table gives the legal standards now in foice 
for gold and silver com m the principal countiies of the 
world. The standards given aie m parts of precious metal 
per 1,000, the remainder being copper. 


Abyssinia 

Gold Com 

firth or Com 

S3 5 

Argentine 

900 

900 

Austna-Hungai y 

900 

900 and S35 

Belgium 

900 

900 and 835 

Bolivia 

— 

900 

Brazil 

916 b 

916 6 

Bulgana 

900 

900 and S35 

Canada 

— 

925 

Ceylon 

— 

800 

Chile 

916 6 

500 

China . 

— 

900, S 66, and 820 

Colombia* 

900 

900 and 835 

Congo 

900 

900 and 835 

Corea 

900 

800 

Costa Eiea 

900 

900 

Crete 

900 

900 and 835 

Oma^ao 

— 

640 

Cyprus 

— 

925 

Denmaik 

900 

800, 600, and 400 
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Dominica 

Gold Com 

Sih er Com 

900 and 835 

Dutch East Indies 

— 

720 

Ecuador 

900 

900 

Egypt 

875 

833 3 

Emland 

900 

868 and 730 

Prance 

900 

900 and 833 

Germany 

900 

900 

Greece 

900 

900 and S3 5 

Guatemala 

900 

900 and 835 

Hayti 

900 

900 and 835 

Holland 

900 

945 and 640 

Honduras (British) 

— 

925 

Honduias . 

— 

900 

Hong Kong 

— 

800 

India 

916 6 

916*6 

Italy 

900 

900 and 835 

Japan 

900 

800 

Mauritius 

— 

800 

Mexico 

— 

902 7 and 800 

Morocco 

— 

900 and 835 

Newfoundland 

916 6 

925 

Nicaragua 

— 

800 

Norway 

900 

800, 600, and 400 

Panama 

900 

900 

Paraguay 

— 

900 

Persia 

900 

900 

Peru . 

916 6 

900 

Portugal 

916 6 

916 6 

Roumania 

900 

900 and 835 

Russia 

900 

900 and 500 

Salvador 

900 

900 and 835 

Servia 

900 

900 and 835 

Siam 

— 

900 

Spam 

900 

90(* and 835 

Sweden 

900 

800, 600, and 400 

Stiaits Settlements 

— 

900 and 800 

Switzeiland 

900 

900 and 835 

Turkey 

916 6 

830 

United States 

900 

900 

Uruguay 

— 

900 

Venezuela 

900 

900 and 835 
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Many of the countries enumerated in the table have no 
actual gold coins, but have merely made provision for 
them. 

\n addition to the standards given above, others are in 
use for coins used for trade purposes. Thus, for example, 
the Austrian gold ducat, the coin of highest standard m the 
world now in use, contains 980£ parts of gold and only 13f 
of copper. It is not current in Austria. The Maria Theresa 
thaler, containing 833*3 parts of silver per 1,000, is also 
struck at Vienna, principally for use in Africa and the 
Levant. 
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THE MANUFACTURE OF GOLD AND SILVER WARES 

Composition of Gold Wares. 

In England the caiat system is still employed for denoting 
the standaid of fineness of gold wares Under this system, 
which was formerly m use for the assay of gold at the Mint, 
the tioy pound of 5,760 grains is divided into 24 parts, 
called carats. A caiat is divided into 4 carat grains, 
each of which contains 60 ordinary grains Gold bullion, 
consisting of 22 parts of pure gold r^xed with 2 parts of 
other metal or “alloy, 55 is called 22-carat gold. The stan- 
dards recognised by law m England are those containing 
22, 18, 15, 12 and 9 paits of gold in 24 paits. The usual 
composition of wares made of these standards is as follows, 
m parts per 1,000 — 


Standaid 

Gold 

Silvei 

Base Metal, clnefly 
Copper 

22 caiat 

916 6 

20 

63 3 

IS „ 

750 

125 

125 

15 ,, 

625 

100 

* 275 

12 „ 

500 

100 

400 

9 „ 

375 

100 

525 


Wares of these standards, after manufacture or partial 
manufacture, are taken to one of the assay offices appointed 
for the purpose, and a portion of the waie is removed by 
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cutting or scraping and assayed for gold. If the fineness 
is below standard the wares are biokeu, but if of full 
standard they are hall-marked. Offices for hall-maikmg 
aie at London (Goldsmiths’ Hall), Birmingham, Chester 
Sheffield, Dublin (where 20-carat gold is marked), Edin- 
burgh, and Glasgow. Offices formerly existing at Exeter, 
Newcastle, Norwich, and other places have now been closed. 
The marks on the wares include a number giving the 
standard (22 for 22-carat, etc.), a distinctive mark showing 
the town where the marking was done, and a date mark, 
usually a single lettei of special design. 

Hall-marking offices aie provided by most of the govern- 
ments of the civilised world, the most noteworthy exception 
being that of the United States. 

The following table gives the legal standaids of gold plate 
in use in some of the principal countries m the world . — 1 


Austria-Hungary 
Belgium 
Denmark 
France . 

Germany 

Italy 

Netherlands 
Portugal 
Russia . * 

Spam 

Sweden and Norway 
Switzerland 


920, 840, 750, and 580. 
. 800 and 750. 

. 585 and upwards. 

920, 840, 750, and 583. 
588 and upwards. 
900, 750, and 500 
916, 883, 750, and 583. 
. 916*6 and 750. 
1.1IO, 920, 820, 720, and 560 
. 916*6 and 750. 
. 975*7, 847*2, and 763*9. 

750 and 583. 


1 Return to House of Commons as to Foieign Countries (Gold and 
Silver Marking),” February 25, 1890 

R 2 
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In England the 22-carat standard is used almost exclu- 
sively for wedding rings, and was formerly used for 
mourning rings. A few watch cases aie made of this 
standard. The best jewellery and almost all watch eases 
are made of 18-carat gold, which is manufactured into all 
hinds of personal ornaments, as the beauty of its colour is 
not much altered by wear. Fifteen-carat gold is also used 
extensively for “ coloured ” jewellery, and has greater 
strength and durability than most other standards. Gee 
states 1 that 13-carat gold is largely used in Birmingham 
for jewellery, as it is the lowest standard that can be readily 
colouied to look rich and beautiful. It is not presented 
for hall-markmg, and veiy little 12-caiat jewellery is 
manufactured. The lowest standard, 9-cai at, is now veiy 
largely used for cheap jewelleiy, and Gee states that even 
more jewellery is made of slightly mferiffr matenal, which 
cannot be hall-marked, although it is usually called 
9-carat. This standard contains some zinc, but for the 
higher standards the base metal is usually copper, which 
gives the wares a better and more durable coloui. 

Composition of Silver Wares. 

Silver wares m the United Kingdom are almost always 
of the same composition as silver coin, containing 925 parts 
of silver and 75 of copper per 1,000 or 11 oz. 2 dwt. silver 
and 18 dwt. copper in the pound tioy. Another standard, 
Britannia silver, containing 11 oz. 10 dwt. silver m the 
pound troy, or 958’3 parts per 1,000, is occasionally used, 
while m Austria-Hungary there are four standards, ranging 
from 950 to 750 fine. 

1 “ Goldsmiths’ Handbook.’* Fifth edition, p. 45. 



MANUFACTURE OF GOLD AND SILVER WARES 245 


The following table 

gives the legal standards for silver 

plate in use m some 

of the principal countries in the 

world — 1 • 

Fine Silvei per 1,000 parts 

Austi la-Hungary 

950, 900, 800 and 750 

Belgium 

9(H) and 800 

Denmark 

826 

France . 

950 and 800. 

Germany 

, 800 for plate Any degree of 

Netherlands 

fineness for jewellery, etc 

934 and 833 

Italy 

950, 900 and 800 

Norway and Sweden 

82S 1 and 812 5. 

Portugal 

916 6 and 833 Vanous stan- 

Russia 

dards down to 800 for export 

910, 880 and 840 For silver 

Spam 

wire, 940 to 960 

916 6 and 750. 

Switzerland 

875 and 800. 

Tuikey 2 

900 


Melting and Rolling Gold and Silver for Wares. 

For 22-carat gold it is usual to melt down sovereigns. 
For other standards refined gold or coin is used. The gold, 
silver and copper are melted together in plumbago crucibles, 
and if zinc is to be added it is charged in last, after the 
other metals are melted, in order to reduce loss The 
charge is covered with charcoal, and borax is frequently 
added to remote dross. If it is feared that the metal will 
be brittle, sal ammoniac or corrosive sublimate is added to 
the charge in the crucible. The deleterious elements are 
m that way removed as chlorides and the residue of flux is 

1 “ Return to House of Commons as to Foreign Countnes (Gold and 
Silver Maikmg),” February 25, 1890 

2 E, A, Smith, “ On Silver Alloys of Industrial Importance/’ p. 4. 
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sublimed. Nitre and carbonate of soda or potash are also 
sometimes used to remove tin, lead, etc The charge is 
well stirred with a graphite rod, which is better -than iron, 
before being pouied. In the United States it is customary 
to add cadmium as a deoxidant to sterling silver, the mix- 
ture being made up as follows — 1 

Fine silver 925 parts. 

Shot coppei 70 „ 

Cadmium . 5 ,, 

This mixtuie gives sound malleable castings 

The metal is cast m waim cast-iron well-oiled moulds, 
no attempt being made to fill up the Ifcllow formed by 
shrinkage. Charcoal, flux, etc , are kept from entering the 
mould by a piece of wood held in the hand. The bar is 
cooled by plunging it into water, and it is trimmed, ciopped 
and cleaned before being rolled In rolling frequent 
annealing is desirable, especially of gold of 18 carats and 
under 

After annealing, silver plate is plunged into a pickling 
solution of dilute sulphuric acid This is usually done 
while the plate is still red hot from the furnace Oxide of 
copper is dissolved and the plate is left with a uniform 
dead-white surface. Both before and after rolling the 
plate is carefully “ oveilooked,” and imperfections such as 
pieces of charcoal, slag, etc , embedded ii? the plate are 
removed by scraping, generally by a machine similai to a 
planer, called an overlooking machine. 2 

For the production of wire, a rolled plate after annealing 

1 Join Fiankhn Institute , Yol CLXIII (1907), p 118 

2 Idem , p 119. 
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is passed through a pair of slitting rolls, which have a 
number of parallel squaie grooves, the projecting edges on 
one roll fitting into the depiessions of the other, so foim- 
ing a number of cutting edges. The plate is cut up into 
square strips by this machine, and these, after passing 
through a pair of wire-rolls, which make them approxi- 
mately round, are annealed, their ends are pointed and 
they are dragged through the draw-plate. The draw-plate 
contains about ten conical holes of different sizes, and the 
wire is passed through them in succession until it is of the 
required thickness. Squaie, oval, half-iound and oblong 
wires are also made with the aid of special draw-plates. 
Oblong wiies are also made by flattening square wne by 
rolling. Hollow half-round wires aie made from flat wiie 
by pulling it thiough half-round holes with the point of a 
tapered steel punch held against the wne. Two oblong gold 
wires placed one on each side of a piece of steel ware and 
drawn thiough a plate produce hollow-square or hollow- 
round wires. The wnes aie used for the manufacture of 
gold and silver chains and other pui poses. The pieces of 
wire cut to length are put together in innumerable ways 
and soldered by hand. 

Manufacture of Wares from Plate. 

The ancient method of making spoons and forks was to 
hammer them out from a lod by hand, finishing them by 
sawing and filing. This has now almost entirely given 
place to machine processes, in which the metal is stamped 
out from plates, and shaped by striking between dies. The 
general method of cutting by means of punches and strik- 
ing between dies has been applied to the manufacture of 
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numberless articles. The presses for striking are generally 
of the falling-weight type, the weight being raised by steam 
or electric power and released by hand, the feeding of the 
pieces of plate on to the dies and their removal being ako 
done by hand. Much work is also done by turning, and by 
“ spinning ” or burnishing into the desired shape on a lathe 
by means of special burnishing tools. The metal must of 
course be soft and malleable for spinning. 

Decorative work in the case of “wrought” wares is 
carried out by hand hammering. Other decorative 
methods are engiaving and chasing, the raised pattern in 
the latter case being applied by means of punches having 
their surface in intaglio . 


Soldering. 

The pieces of gold or silver, whether cut out or stamped 
or otherwise prepared, are fitted together by hand, usually 
by means of soldering. The best solders for “ coloured ” 
gold articles, that is for gold of 18 carats and upwards, are 
given by Gee 1 as follows . — 


— 

Fine Gold 

FineSih er 

Copper 

Best solder . 

124 parts 

44 parts 

3 paitfci 

Medium soldei 

1<>" „ 

6" „ 

4 „ 

Common solder 

00 

* 



These solders may be rolled flat and cut with shears into 
“ pallions,” or filed into dust 

Solders for silver wares and also for the lower standards 
of gold usually consist of alloys of silver, copper and zinc, 
1 “ Goldsmiths 5 Handbook,” p. 136 
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but tin and arsenic are also used with some solders. The 
solder should fuse at a lower temperature than the metal- 
work to which it is applied, but the less difference there is 
between the two fusing points the more tenacious the joint 
will be. 

The compositions of a large number of solders are given by 
E. A. Smith 1 and by Gee, 2 among which are the following : — 


j Siher 

Copper 

Zme 

Tm 

i 

per cent 

pei cent 

r>er cent 

per cent 

Hard solder 

SO 

13 2 

6 8 

— 

Medium solder . 

66 7 

23 3 

10 

— 

Easy solder foi chains 

62 5 

20 87 

16 63 

— 

Quick-running soldei j 

62 5 

20 87 

10 3S 

6 25 

Common soldei 

57 1 

34 6 

8 6 

— 

The zinc used for 

making 

soldei s is 

generally added in 


the form of brass Soldering is carried out with the help 
of fused borax as a flux so as to keep the work clean and 


free from oxides. 


Colouring Gold Wares. 

By this process the base metals are removed from the 
surface of wares so as to leave a film of pure gold of a rich 
yellow colour. Gold of low standards may thus be given 
the appearance of fine gold. The dry colouring process 
consists in dipping the wares for a few seconds in a fused 
mixture of certain salts, followed by immersion in a 
pickling solution. The articles to be coloured must first 
be thoroughly cleaned and polished, and marks or scratches 

1 44 On Silver Alloys of Industrial Importance,” Five* tihej? Soc of 
Eng and Metallurgists , November, 1901 

2 44 Silversmiths’ Handbook.” 



250 


THE PRECIOUS METALS 


removed. If the required colour is not obtained in the first 
dip, they are dried and dipped again. Several colouring 
mixtures are m use, the composition of one of them- being as 
follows : — - 

Nitre . . 2 parts. 

Common salt 1 part. 

Alum . 1 „ 

The pickling solution usually consists of hot nitric acid, 
and after immeision m this the work is rinsed in a very 
weak solution of potash to remove the acid, and then m 
boiling watei. After drying in waim sawdust, the wares 
are often burnished, is., rubbed with steel qj agate imple- 
ments of various shapes. 

Diy colouring is said by Gee not to be suitable for gold 
of lower standard than 18 carats 

In wet colouring, a small quantity of water is added to 
the other ingredients of the colouring pot. The wares are 
prepared by careful cleaning and polishing, followed by 
annealing or heating to redness on an lion or copper plate. 
The blackened wares are boiled in dilute nitric oi sulphuric 
acid and well washed, and are then ready for the colour- 
pot. The ingredients of the colouring mixture vary, the 
composition of one of them being given by Gee as 
follows * — 1 


Nitrate of potassium 

3.4 oz. 

Common salt . 

• 7 „ 

Alum 

. . 7 

Spirits of salts (HOl) 

• • 2 „ 


30 oz. 


x tc Goldsmiths’ Handbook,” p 168. 
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The salts are crushed fine, well mixed, heated in a 
crucible and the acid added when the mixture begins 'to 
effervesce. The wares are then immersed in the mixture 
for a few minutes, well rinsed m boiling water, and again 
immersed in the colouring-pot, the operation being repeated 
until the desired colour is obtained. Water is added to the 
colouring-pot every now and then to make up for the loss 
by evaporation. 

The colour of silver wares is also improved by various 
methods, the simplest being the same as that employed in 
the blanching of coins (q. t.). 

Imitation Gold and Silver Wares. 

The chief of these are “gold plate,” “rolled gold,” “gold 
filled,” and electroplate. 

Gold plate can be made from any quality of gold. A little 
bar of gold of the required standaid is united by soldering 
to a bar of base metal, and the combined bar can be rolled 
out, stamped, drawn into wire and otherwise manipulated, 
the gold still covering the surface of the alloy. Even 
the relative thickness of, say, one of gold to 25 of alloy 
may be retained m great part. The value of gold plate is 
of course very small, 9-carat gold plate costing less than 
2s. per ounce. Old Sheffield silver plate was made similarly. 

Electro-platmg is a comparatively lecent invention, not 
having beeh used until 1840. Before that time the 
ordinary method of gilding metals was to apply gold amal- 
gam to the surface by means of a brush previously dipped 
in a solution of nitrate of mercury. The amalgamated 
article was then rinsed and dried and the mercury expelled 
by evaporation over a charcoal fire. Afterwards the ai tide 
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was scratch-brushed and burnished, or coloured or treated by 
one of the ormolu processes, 1 which consisted m heating the 
articles, after covering them with a paste of alum-, oxide of 
iron, saltpetie, common salt, and other ingredients. 

Elect 10 -gildmg is almost always cart ied out in cyanide 
baths. The bath is usually made by the batteiy process. 
For this Philip lecommends 2 dissolving one pound of pure 
cyanide of potassium m a gallon of hot distilled water. 
Electrodes consisting of plates of pure gold are immersed 
in the liquid and a current of electricity from two Daniel 
cells is then passed through the solution until one ounce of 
gold has been dissolved, a point determined by weighing 
the anode. The condition of the bath may be ascertained 
at any time by trying if a clean cathode of German silver 
can be gilded promptly, when cathode and anode are of 
about the same size. Gold chloride may be used to 
strengthen the solution in gold if required. The bath is 
used hot, at about 130° F., and is frequently stirred. The 
hotter the solution the deeper becomes the colour of the 
deposit. The articles to be gilded are previously cleaned 
by scrubbing with soap and w r ater and dipping into potash 
or ammonia solution followed by rinsing and scratch- 
brushing. If the deposit is at all uneven or patchy the 
wares are taken out, rinsed, and again scratch-brushed. 
The anode is kept of about the same dimensions as the 
aiticle to be gilded, the size of the anode being varied by 
keepmg it partly immersed and raising or lowering it. If 
the anode is too small, the deposit may become too pale ; if 

1 See “ Electro. plating and Electi o-i efinmg of Metals,” by A Philip, 
for full details of these processes, 

2 Idem , p t 179, 
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it is too large, the deposit becomes dark coloured. Im- 
purities m the bath are to be avoided, but a very little 
organic matter, such as grease, is not disadvantageous, as 
it gives a deeper and richer colour to the deposit. Hot 
distilled water is added from time to time to make up for 
the loss by evaporation. When the deposit is thick enough, 
the aiticle is taken out and well rinsed and scratch-brushed. 

Silver-plating is also almost exclusively carried out by 
means of cyanide baths, which may be prepared similarly 
to gold-plating baths. About three ounces of potassium 
cyanide are used to one gallon of water, and one ounce of 
silver is dissolved m this. The deposit from such a bath 
will be dead-white, and requires to be scratch-brushed. 
By adding a little carbon bisulphide, however (about one 
part of CS 2 to 50,000 parts of the bath) a bright deposit of 
silver may be obtained. Fresh bisulphide must be added 
eveiy day. 

Manufactiue of Gold Leaf . — Gold leaf is of various 
qualities, containing from 90 to 98 per cent, of gold and 
the rest silver and copper. The metal is cast into flat 
ingots, weighing 2 oz. each, and these are rolled out with 
frequent annealings until about 0*0018 m. thick. The 
riband of gold is then cut into inch-square pieces, a packet 
of which interleaved with vellum is beaten with a 16-lb. 
convex-faced hammer until each gold leaf is 4 inches 
square. Th£y are again cut into inch-square pieces and 
beaten between gold-beaters’ skms with a 10-lb. hammer 
until about 3J- in. square, when they are put up in small 
books between paper leaves. Each book of 25 leaves con- 
tains from 4 to 10 grams of gold. Gold leaf is commonly 
from sooVoo' ^ n * thick. 



CHAPTEE XVII 


PLATINUM 

History . — Platinum occurs in so many alluvial beds mixed 
'With grams of gold, that it would be surprising if it had 
never been observed by the ancients There is little doubt 
that Pliny refers to it 1 under the name “ ^luta ” as occur- 
ring in gold mines, and presenting itself in the form of 
rounded black concretions varied with white specks, of the 
same weight as gold, and remaining with it after the 
washing has been completed. 

It attracted the attention of Don Antonio de Ulloa when 
he was at Choco, in Colombia, in 1735, with a French expe- 
dition. It was brought to Europe in 1740, from Jamaica, 
and was described by Watson m the Philosophical Trans- 
actions for 1750. It had apparently been long known m 
South America, and was called by the Spaniards “platina 
del Pinto/’ “ platina ” being the diminutive of “plata,” 
silver, and the Pinto the river where it was first discovered. 
The Spanish Government had forbidden its export and 
ordered it to be thrown into the sea, to prevent it from 
being fraudulently used to alloy with gold. In 1788, how- 
ever, the Spanish Government offered 8s. per pound for 
platinum (peihaps for the same purpose of mixing it with 
gold), and according to Don Vincente Bestrepo of Bogota, 

1 Book XXXIV., c 47. 
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3,280 lb. were obtained in that year. 1 All platinum came 
from South America until 1823, when it was recognised m 
certain white metallic grains fiom the Uials which had been 
found in 1819. Pioduetion in Russia began in 1824, and 
since that time most of the platinum m the woild has 
been derived from these “placeis,” vhich at present show 
no signs of exhaustion. 

Properties. 

Platinum is not so white as silver and has a greyish 
tinge, but its lustre is not much less brilliant than that 
of silver m polished specimens Finely divided platinum 
is black. Its haidness is 4 3, or greatei than that of copper, 
silver, or gold, and slightly more than that of phosphor 
bronze. Its tenacity is between those of silver and eoppei. 
It is malleable and ductile, but the presence of small 
quantities of certain lmpuiities greatly impairs these 
qualities. Thus the presence of 0*3 per 1,000 of silicon 
makes it hard and brittle, and small quantities of the other 
metals of the platinum gioup (palladium, rhodium, iridium, 
etc.) reduce its ductility. 

The density of cast platinum is given by Deville and 
Debray as 21*50 at 17*6° after melting in hydrogen, and by 
Tilden as 21*323 at 18°. The density of platinum foil and 
wire vanes fiom 21*2 to 21 7, and that of platinum sponge 
from 16*32 % to 21*24 (Landolt-Bornstein Physikalisch- 
Chemische Tabellen, 1905, p. 227). The addition of 
iridium increases the specific gravity of platinum. Pure 
platinum, according to G. Matthey, has a density of 21*46. 

The coefficient of expansion of platinum is given by 

1 “Mineral Industry foi 1892,” p. 373. 
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Fizeau as 0*00000907 at 50°, and by Le Chatelier as 
0*00001180 at 1,000°. This Is less than that of other 
metals and is about the same as some kinds of glass, such 
as Crown glass. In consequence, it can be placed m molten 
glass without causing the latter to crack on cooling* and 
platinum wire is theiefore used to lead electiic currents 
through glass, without allowing the passage of air. 

Platinum melts at about 1,710°, according to Harker 
(Proc. Roij.Soc., Yol. LXXVI.a, 1905), and at 1,780° accord- 
ing to the Bureau of Standards at Washington (1907). An 
older determination by Violle gave it as 1,775°. The melting 
point of platinum is loweied by arsenic, caibon, and most 
other impurities. In the electric furnace Moxssan found 
that platinum volatilises readily, but its boiling point is 
unknown, although obviously above those of gold, 
copper, etc. 

The specific heat of platinum is 0*0828 between 0° and 
100°. Its conductivity for heat is 19, taking that of silver 
as 100, but according to Dewar and Fleming its electric 
conductivity is only about 18 4 at 0° when silver = 100. 

Platinum is not affected by heating in dry or moist air. 
When molten it absorbs oxygen which is given off on 
cooling, sometimes with sufficient rapidity to cause the 
metal to spit like silver. Oxygen is also occluded by 
platinum foil, which can absorb as much as 80 volumes of 
the gas at a moderate temperature Hydrogeh is occluded 
in still greater quantity, from 80 to 200 volumes being 
absorbed under varying conditions. The Whole of these 
gases can be removed by strongly heating the metal 
in lacao. At a bright red heat, hydrogen rapidly passes 
through platinum. At 180° platinum foil quickly absorbs 
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oxygen and hydrogen and enables them to combine, so that 
it causes eleetiolytic gas (H 2 + 0) to explode. 

Platinum black , which is platinum in the form of a finely 
divided black powder produced by precipitation from 
alkaline platinum solutions by means of ceitain substances 
such as formic acid, absorbs still larger quantities of gases, 
especially of oxygen, with great rapidity. When charged 
with oxygen, platinum black acts as an oxidiser, and by its 
action hydrogen, CO, vapours of alcohol, ether, etc., are 
rapidly oxidised and usually ignited. This is one of the 
best known examples of catalytic action. The property is 
used in making machines foi the spontaneous ignition of 
gas, alcohol vapour, etc. Platmum black chaiged with 
hydrogen is a powerful i educing agent. Platinum black 
becomes lustious and greyish- white when burnished. Its 
density varies from 15*8 to 17 6. 

Platinum is not acted on by either pure hydrochloric, 
nitric or sulphuric acid. It is dissolved (with the formation 
of PtCl 4 ) by aqua regia and other mixtures which evolve 
chlorine, but far less readily than gold, so that gold after 
being fused so as to be firmly adherent to a platinum 
crucible can be slowly dissolved by dilute aqua regia 
at model ate temperatures without much injury to the 
crucible. Platmum is dissolved more rapidly by aqua regia 
or solutions of chlorine under piessuie. Diy chlorine is 
without actiofl on it at the ordinary temperature, but at 
230° to 250° PtCl 2 is formed. 

When platinum is alloyed with silver, copper, lead, zinc 
and some other metals, it is attacked and partly dissolved 
by nitric acid, with the formation of platinum nitrate. 

When platinum black is heated with sulphur, PtS is 


p M. 


s 
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formed in the absence of air, and if platinum is heated with 
sulphur and an alkali (dry), PtS 2 is formed. Both 
sulphides are decomposed at a red heat, even m the 
absence of air. 

When platinum is heated strongly m phosphorus vapour, 
phosphide of platinum is foimed, and the phosphorus is not 
entirely dnven off even at a white heat in the absence of 
air, Aisenic attacks platinum at a red heat, forming a 
fusible arsenite. Platinum is oxidised at high temperatuies 
by molten alkali m the presence of air, and by nitrates even 
if air is excluded. It is also attacked at high temperatures 
by cyanides (forming platinocyamdes$ by caibon (forming 
a caibide), and by silicon, or carbon and silica actmg 
together (forming silieides of platinum). 

The atomic weight of platinum is 194*8 taking oxygen 
as 16. It is closely allied chemically with indium and less 
closely with osmium. Platinum forms two sets of com- 
pounds corresponding with the oxides PtO and Pt02 In 
each case the oxide of platinum can act either as an acidic 
or basic ladicle, forming salts such as Pt(S0 4 ) 2 and 
platmates such as Na20.3Pt0 2 . The compounds m 
which platinum is tetiavalent have been studied most. 
Platinum also forms a large number of complex compounds 
such as H 2 PtCl6, H 2 PtCy 4 , etc. 


Compounds of Platinum. 

Platinum dichloride or platinous chloride, PtCl 2 , is formed 
by heating platinum black m chlorine until no more of the 
gas is absorbed. It can also be obtained by heating H 2 PtCl6 
to about 230°, or by heating PtCl 4 m a stream of dry HC1. 
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It is a greenish-brown powder, insoluble in water but 
soluble in hydroehloiic acid m the absence of air. It 
is decomposed at a red heat into platinum and chlorine, 
and is readily leduced to metallic platinum by FeS0 4 and 
other reducing agents. Platino-ehlondes are foimed by 
dissolving PtCU in solutions of metallic chlorides. They 
are highly soluble compounds of the general formula, 
B 2 Pt01 4 , obtained as dark red crystals by crystallising from 
concentrated solutions. Platino-chlorhydi ic acid, HaPtCL*? 
is probably obtamed by dissolving PtCl 2 m HOI, but has not 
been isolated. 

Platinum teti achloncle , PtCl 4 , is formed by heating 
H 2 PtCl6 to 165° in a stream of dry HC1 It forms H 2 PtCl 6 
by dissolving in hydrochloric acid, and platim-chlorides 
by dissolving in solutions of metallic chlorides Bromides 
and iodides of platinum are known corresponding to these 
chlorides 

Platini-chlorhycbic acid, H 2 PtCl6, is formed by dissolving 
platinum in aqua regia. It may be crystallised out "after 
expelling the nitiic acid by evaporation with HC1. It 
forms red-brown deliquescent crystals, soluble m alcohol, 
and decomposed by heating to about 280° Its solution is 
the starting point for the formation of most of the platinum 
compounds. It forms platim-chlorides of many metals 
when their chlondes are added to it m solution. Most of 
these platini-chloiides are yellow-red crystalline substances, 
readily soluble in water and alcohol, but the salts of 
potassium and ammonium are only slightly soluble in 
water and are insoluble in alcohol. These properties are 
made use of for the estimation of potassium and ammonium 
and also for the separation of platinum fiom its oies and 

s 2 
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residues. By passing SO 2 through a solution of H 2 PtCl6, 
some reduction to H 2 PtCl 4 takes place, but theie is no 
precipitation of Pt or Pt01 2 . Platinum is precipitated by 
long continued boiling with PeS0 4 , and by formic acid ard 
soda carbonate acting together. 

Ammonium platini-chlonde, (NH 4 ) 2 PtCl6, occurs m yellow 
octahedral ciystals. At 20°, 0*665 gram and at 100° 
1*25 giam dissolves m 100 c.c. of water. The substance is 
nearly insoluble in alcohol. The solubility of potassium 
platini-chlonde, K 2 PtCl6 is greater, 1*12 gram dissolving at 
20° and 5*13 grams at 100° in 100 c.c. of watei. When 
these two salts are heated to redness they are reduced and 
platinum sponge remains, mixed, m the case of potassium 
platini-chlonde, with potassium chloride. 

When platmi-chlorides are electrolysed tl?l platinum 
moves towards the anode and the solution around the 
cathode becomes weaker m platinum. Nevertheless 
platinum is deposited at the cathode by being reduced by 
hydrogen which is liberated there. 

Carbonyls of platmous chloride are formed by passing 
carbon monoxide over PtCl 2 . Of these, PtCl 2 CO volatilises 
at 250° without decomposition, thus contrasting strongly 
with almost all other compounds of platinum, which 
decompose when heated without volatilising. However, 
PtCl* sublimes to some extent when heated in a current of 
chlorine, like AuCl s . 


Alloys of Platinum. 

Platinum and Gold . See above, p. 58. 
Platinum and Siher. See above, p. 140. 
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Platinum and Coppen — These metals mix in all propor- 
tions, but require a high tempeiature for their production, 
like all platinum alloys, which are usually prepared in an 
£*xy -hydrogen or oxygen-coal gas furnace, or in an electric 
furnace. As the proportion of platinum increases, the 
colour of the alloy passes from reddish-yellow to golden- 
yellow and finally to white. The alloys also become 
harder, and less ductile. They are less easily tarnished by 
the atmosphere than ordinary brasses or bronzes. The 
alloy containing platinum 18*75 per cent., copper 81*25 per 
cent. (Cooper’s gold) is of a golden-yellow colour and is 
malleable and ductile, although hard. It is susceptible of 
a high polish and closely resembles 18-carat gold. When 
the metals are present in equal parts the alloy is still 
yellow 7 , but is somewhat brittle. The alloy of 3 parts 
platinum to 2 parts copper is nearly white and is very hard 
and brittle, without ductility. 

About 4 per cent, of zinc is sometimes added to alloys of 
platinum and copper, for use in jewellery, ornaments, 
mathematical instruments, chronometer wheels, etc. 

Platinum and Nickel . — Platinum unites with nickel, 
forming malleable alloys susceptible of a high polish and 
not readily tarnished. Alloys of nickel, platinum and tin 
have been manufactured under the name of platmum- 
bronze, but generally contain very small percentages of 
platinum. Equal parts of platinum and nickel yield a 
yellowish-white malleable magnetic alloy, as fusible as 
copper. 

Platinum and Indium . — Alloys containing these metals 
aie very hard and elastic. They are unalterable m air and 
take a high polish. They fuse at very high temperatures, 
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much above the melting point of platinum. When not 
more than about 20 per cent, of iridium is present the 
alloys are malleable and ductile, but the 25 per cent, alloy 
“can only with great difficulty and waste be worked into sheet 
and whe when heated at low tempeiatures.” 1 Alloys con- 
taining more than 25 per cent, of iridium seem to be of very 
little value. The alloy of iridium 10, platinum 90, prepared 
by Messrs. Johnson and Matthey m 1870 for the Comit6 
International des Poids et Mesures, was chosen after exhaus- 
tive trials as the material for standard weights and measures. 
Subsequently G. Matthey 2 recommended the alloy contain- 
ing 15 per cent of iridium for standaid measures of length, 
made m the tubular form, and the 20 per cent, alloy for 
standaid weights. The densities of platinum- iridium 
alloys, according to Deville and Debray, are as follows : — 


Platinum 

Indium 

Specific Gra\ ltj 

90 

10 

21 575 

85 

15 

21 61S 

66 67 

33 33 

21 874 


These densities are reduced by the piesence of rhodium, 
ruthenium and other impurities, and the actual alloys used 
for standards ai e of lower density. 

Platinum and Lon — Platinum unites with steel m all 
proportions, forming hard white alloys, some^ of which are 
malleable. The presence of two or three per cent, of 
platinum prevents steel from rusting, and this alloy has 
been used m the manufacture of cutlery. 

1 G Matthey Pi oc Boy Sot, Yol XXYIII (1879), p 468. 

2 Loc ci t. 
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The alloys containing from 15 to 20 per cent, of platinum 
were shown by Daubr^e to exhibit magnetic polarity. 
Some native giains of platinum containing similar propor- 
tions of iron are also natural magnets. 

The alloys containing a large proportion of iron are 
attracted by the magnet, but show no polaiity. Stodart 
and Faraday found that equal parts of steel and platinum 
gave an alloy of density 9*862, taking a beautiful polish, but 
not very malleable. 

Platinum and Zinc alloys when treated with hydrochloric 
acid sometimes leave an explosive platinum residue. 
Cohen and Strengers have shown that the metal is heavily 
charged with occluded hydrogen and oxygen, and that the 
explosion is caused by the union of these elements. 

Platinum and Lead form readily fusible grey brittle 
alloys, from which the platinum can be exti acted by 
cupellation. In ordinary furnaces, however, the platinum 
freezes before the whole of the lead has been removed, and 
it is necessaiy to finish the operation with the aid of the 
oxy-hydrogen flame. 

Platinum and Tin unite in all proportions, forming brittle 
alloys, of which the melting point is higher, as in the other 
alloys, in proportion as the percentage of platinum is 
increased. A small quantity of platinum interferes with 
the malleability of tin. Ten per cent, of platinum yields 
a white ductile alloy which takes a beautiful polish. 
Equal parts of tin and platinum yield a brittle, dark grey 
alloy, with a coarse-grained fracture. 

Platinum and Antimony unite with incandescence and 
yield brittle, hard, dark grey alloys with fine-grained 
fracture. A trace of antimony makes platinum brittle. 



2(54 


THE PRECIOUS METALS 


Platinum and Arsenic also unite with incandescence. 
Aceordmg to Friedrich and Leroux 1 they combine to form 
the compound Pt 2 As 3 , which contains 36 7 per cent, of arsenic, 
and melts at about 1,400°. The alloy of low T est melting 
point contains 86*8 per cent of platinum and 13*2 per cent, 
of arsenic. This eutectic alloy melts at 597° and can be 
detected in all the alloys containing from 97 to 63 per cent, 
of platinum. The remaikably low melting point of this 
alloy accounts for the readiness with which platinum 
vessels are destroyed when heated with substances contain- 
ing arsenic At high tempeiatures arsenic is volatilised 
and spongy platinum left behind in a fit state for ^working. 
The alloy was used for a long time after 178^8 the only 
means of preparing platinum m a suitable condition to be 
worked 

Platinum and Bismuth form brittle alloys with a foliated 
fracture, taking a puiple or violet colour when exposed to 
the air They can be partly separated by liquation at a 
moderate heat. 

Platinum and Cadmium are said to unite to form the 
compound PtCd 2 , from which any excess of cadmium can be 
removed by volatilisation. It is a brittle, fine-gramed 
substance. 

Platinum and Mei cury do not unite directly. 


Occuubence of Platinum in Nature 

Platinum occurs m flattened or angular grains in beds of 
gravel or sand which resemble gold placers, and have been 
formed in the same way by the erosion of older deposits. 

1 Metallmyie , Febmary, 1908, p 148, 
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The richest and most extensive platinum placers occur m 
or near the Ural Mountains in gravels about S or 4 feet 
thick and buried below thicker layers of barren material. 
Usually, but not invariably, the gravels are also auiiferous, 
and other minerals occurring with the platinum are zircon, 
spinel, corundum, magnetite, and osmiridium. The deposits, 
besides quaitz grains, contain fragments of basic magnesian 
volcanic and metamorphic rocks, such as serpentine, olivine 
rock, porphyries, etc. 

Platinum alluvial deposits also occur in Brazil, New 
Granada, California, British Columbia, New South Wales, 
and m many other localities, but the quantities derived from 
these places are small. 

Platinum occuis m situ in serpentine in the Urals and 
elsewhere, and in other metamorphic rocks in various parts 
of the woild, but the quantities so found are insignificant. 
It is also found in the foim of Spenyhte , arsenide of 
platinum, PtAs 2 , associated with sulphide of nickel at 
Sudbury in Ontario. Platinum sometimes occurs in 
fahlerz, zinc blendes, lead ores, etc. 

The amount of platinum occurring in placers is usually 
only a few grains per cubic yaid. Sometimes nuggets are 
found, but according to Schnabel and Louis the largest 
lump of platinum found up to the present in the “ alluvials ” 
of the Ural Mountains is in the Demidofi Museum at 
St. Petersburg and weighs 2P64 lbs. 

The platinum grains occunmg native aie alloys con- 
taining indium, rhodium, palladium, osmium, iion and 
copper. The chief impurities are iridium, which may form 
more than half the alloy, and iron, winch has been 
known to amount to 19 per cent, of the mass. Usually, 
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however, the grains contain from 70 to 80 per cent, of 
platinum. 

The following analyses of native platinum concentrates 
aie quoted by Thorpe (“ Diet, of Applied Chemistry,” Yol. II., 
pp. 258, 254) from Deville and Debray. 


— 

Platinum from tlie 
Urals 

Platinum from Choco 
(S America) 

Platinum fiom 
California 

Platinum 

76 I 

86 20 

79 85 

Indium 

4 3 

0 85 

4 20 

Rhodium 

0 3 

1 40 

0 65 

Palladium 

1 4 

0 50 

1 95 

Gold 

04 

1 00 

0*55 

Coppei 

4 3 

0 60 

0 75 

lion 

11 7 

7 

4 45 

Osmuidium 

0 5 

0 9o 

4 95 

Sand 

1 4 

0 95 

2 69 


100 5 

100 25 

99 95 


- 

Platmnidium from the 
Urals (Robcoe and 
Schoilemmei) 

Osmindium from the 
Uials (Roscoe and 
Schorlemmer) 

Platinum . 

19 64 

10 08 

Indium 

76 85 

55 24 

Rhodium 

— 

1 51 

Palladium 

0 S9 

tr. 

Copper 

1 78 

tr 

Iron . 

— . 

tr. 

Osmium 

— 

27-23 

Ruthenum 

— 

5 85 


99 16 

100 00 


Extraction of Platinum from its Ores. 

The platmiferous sands and gravels aie washed m the 
same way as gold-bearing sand and a concentrate obtained 
which is treated with mercury for the extraction of gold. 
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The residue consists of platinum grains (which are not 
attacked by mercury) together with someiiidosmine, sand, 
etc. These are treated for the production of commercially 
j)ure platinum, very occasionally by cupellation with lead, 
but usually by wet methods. 

The Wollaston process, which came into use in London 
about the year 1808, is as follows . — The crude platinum is 
heated with 10 to 15 times its weight of aqua regia for 
several hours. In this way a solution is obtained of most of 
the metals of the platinum group, but osmiridium remains 
undissolved with the sand, etc. The solution is evaporated 
to a syrupy consistency to lemove the greater part of the 
excess of acid, and is then diluted with water and syphoned 
off fiom the insoluble residue. The clear red solution is 
treated with a solution of ammonium chloride, and the 
double chloride of ammonium and platinum piecipitated. 
The precipitate is washed, dned and heated to dull red- 
ness to drive off the ammonium chloride and chlorine, 
and spongy platinum is obtained. This is broken up by 
rubbing, sieved, and the finer particles made into a paste 
with water and strongly compressed. The solid cake is 
heated strongly and then hammered while still red hot. 
The metal thus obtained can be worked by heating and 
hammering or rolling, but always contains about 2 per 
cent, of iridium, which is piecipitated with the platinum and 
can be removed only by a second refining. 

The mother liquor, after precipitation of the ammonium 
platmi-chloride, still contains some platinum. The mefcals 
are precipitated by means of iron, and the precipitate, 
after digestion with hydrochloric acid, is redissolved in 
aqua regia for further treatment. 
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Some modifications have been introduced m this method 
Heraeus of Hanan evaporates the aqua regia solution to 
dryness and heats to 125° m ordei to convert the„ chlorides 
of indium, ihodmm and palladium to sesquichlondes ary} 
so to prevent their precipitation by ammonium chloride. 

Deville and Debray about the year 1856 introduced the 
method of melting the spongy platinum m a lime furnace 
by means of the oxy-hydrogen blowpipe. The furnace 
consists of a hollow block of lime, made m two pieces so 
that the upper half acts as a lid. The nozzle of the blow- 
pipe, in which coal gas is now geneially used instead of 
hydrogen, passes thiough the hd, and the flame impinges 
directly upon the metal. An oxidising flame is used, and 
some lefinmg effect takes place, oxides of iron and copper 
being formed and absorbed by the lime, and osmium being 
volatilised as oxide. The products of combustion pass out 
through an apeituiem the furnace, which also serves as an 
outlet for the molten platinum. 

Another method introduced by Deville and Debray has 
for its object the preparation of platinum direct from its 
ores in a furnace. A small reverberatory furnace with a 
hollowed-out bed of firebrick lined with marl is raised 
to a bright red heat and a charge of about 200 lbs* 
of crude platinum with an equal weight of galena is 
added little by little The iron m the metal is sulphurised 
and metallic lead is set free and forms a fusible alloy with 
the platinum. About 200 lbs. of litharge and some glass 
are then added, the matte is oxidised, and‘ a fusible slag 
results. The osmiridium is not taken up by the lead but 
sinks to the bottom and is separated. The platmum-lead 
alloy is cupelled and the platinum melted m the oxy- 
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hydrogen furnace. Thus piepared it contains iridium and 
rhodium, but is suitable for making vessels for chemical 
purposes* 

• G. Matthey adopted the following pi ocess for the prepara- 
tion of pure platinum . — 1 

Commercial platinum is melted with six times its weight 
of pure lead, and after granulation it is dissolved slowly in 
nitric acid diluted with eight times its volume of water. 
The solution contains most of the lead, copper, iron, 
palladium and rhodium. 

The black amorphous residue is digested with weak aqua 
regia, by which the platinum and lead are dissolved and 
the indium left unattacked. After evaporation the lead is 
precipitated by sulphuric acid and the platinum ehloiide is 
dissolved m distilled water and treated with an excess of 
chloride of ammonium and sodium. The whole is then 
heated to about 80°, and in the course of a few days the 
ammomo-chloride of platinum settles down as a firm deposit 
at the bottom of the vessel 

The precipitate is washed first with a saturated solution 
of chloride of ammonium and afterwards with hydrochloric 
acid. Rhodium is separated by mixing the dried precipitate 
with bisulphate of potash together with a small proportion 
of bisulphate of ammonia and subjecting the mixtuie to a 
gradual heat brought by degrees to a dull red in a platinum 
basin. The “platinum is reduced and the rhodium remains 
as bisulphate of rhodium and potash, which is dissolved out 
m boiling water. The platinum, a black spongy residue, 
is now m a high state of punty and merely requires to be 
washed and melted. 

1 Pror. Roy Soc 7 Vol XXVIII (1879), p. 464. 
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Uses of Platinum. 

In 1828 the Russian Government began the coinage of 
platinum, striking 8, 6 and 12 rouble pieces These wei$ 
demonetised and called in in 1845, as it was found that the 
cost of making the coins was veiy great owing to the 
difficulty of melting the metal. Moreover, great changes 
in the value of platinum occurred rapidly owing to the 
extiemely limited supply The unsuitability of platinum 
for coinage purposes is due to these causes. 

Owing to its high temperature of fusion and its resistance 
to attack at a red heat by acids, salts, etc , it is used largely 
for the manufacture of crucibles, basins, foils, wire gauze, 
etc., for chemical laboratory purposes. It is also used for 
the manufacture of weights for scientific purposes, and to 
serve as standards. 

A far larger amount is used annually in the manufacture 
of stills for the concentration of sulphuric acid. The first 
still for this purpose was made m 1809, and Messrs. 
Johnson, Matthey & Co. have used as much as 40,000 
oz. of platinum m a single year in the manufacture of 
improved forms of such apparatus 1 

The dental industry requires even more platinum, which 
is used for the manufacture of pins for attaching aitificial 
teeth to the plate, and for other purposes. 

Platinum is also used m the electrical industry to connect 
the inside filament of incandescent lamps with the outside 
copper wire through the glass. Its suitability for this 
purpose is due to the fact that its coefficient of expansion 
is nearly the same as that of glass. 

1 “ ThorpeL Diet, of Applied Chem Vol, III , p 257 
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Among other uses may be mentioned the manufaetuie of 
platinised incandescent gas mantles, platinised papei for 
photographic purposes, and platinised asbestos, etc., for 
igniting gases. It is also employed in obtaining a silver 
colour on porcelain, m watch-making, in jewellery, m 
stylographic pens, in surgical and philosophical instruments, 
and for “ oxidising” silver. Of late years the demand for 
platinum for the electrical, incandescent light, and dental 
industnes has increased largely whilst the new supplies 
have not inci eased. The high price has caused very large 
supplies of old material to become available. 

Assay of Platinum. 

The determination of platinum may be made by weighing 
it as the platim-chloride of ammonium or potassium or as 
metallic platinum. The aqua regia solution containing 
platinum is evaporated to diyness cautiously and then redis- 
solved with the smallest possible quantity of watei. Twice 
the volume of absolute alcohol is then added and a large 
excess of pure crystallised ammonium chloride. The liquid is 
warmed, stirred, and left foi twenty-four hours and the pre- 
cipitate of Am 2 PtCl6 is collected on a weighed filter paper and 
washed with alcohol. The washings must be evaporated 
to dryness and the residue cupelled, as they contain platinum. 

The precipitate may be ignited and weighed as platinum 
instead of befng weighed as the platim-chloride, but during 
ignition part of the platinum is carried away with the 
volatilising ammonium chloride. 

A small quantity of iridium usually remains with the 
platinum. It may be removed by redissolving m aqua 
regia and reprecipitatmg the platinum. 
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The use of alloys of platinum in jewellery makes it 
necessary for assays of such alloys to be often made. 
The methods m use have been worked out by f Chaudet, 
Eiche and Forest. * 

The alloys of platinum with base metals present no 
difficulty. They are dissolved in a suitable acid which 
removes the base metal and leaves the platinum as a residue. 
If the platinum exceeds 80 per cent, of the alloy it is not 
completely freed from base metal m this way, and must be 
cupelled with silver and parted by means of sulphuric acid. 

Platinum, Gold , Silier , Copper , — The most complicated 
case for assay is an alloy containing platinum, gold, silver, 
and copper or other base metal Here it is necessary to 
deteimiue first of all the approximate composition of the 
alloy and then to make an exact assay. 

In the approximate assay , the amount taken is usually 100 
half -milligrams, or 100 milhemes, where “ 1,000 ” is equal to 
0 5 gram. This is cupelled with one gram of lead at a very 
high temperature, and if the button is flat it is again 
cupelled with more lead. When a rounded button has 
been produced it is weighed and the weight accepted as 
that of the gold, silver and platinum together. 

The button is then mquarted by eupellation with twice 
its weight of silver and is attacked by boiling in concen- 
trated sulphuric acid, which dissolves the silver and leaves 
the gold and platinum as a residue. * 

The separation of gold from platinum is effected by nitric 
acid, but it is necessary for the amount of gold to be at 
least ten times that of the platinum, in order that the result 
may be satisfactory. This proportion of gold is accordingly 
added with 2^ times its weight of silver, and the cupelled 
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button is parted m nitric acid as in the ordinary gold bullion 
assay. The cornet represents the original gold contents 
(after allowing for the amount added) and the platinum is 
taken by difference. 

Thus, to take an example: — 

Weight of alloy taken for assay, 100 half-milligrams. 
„ after cupellation (Au+ 

Pt+Ag) .... 85 „ 

To this is added 170 of silver, and 
the whole is cupelled. The weight 
after second cupellation and parting 
in sulphuric acid (Au+Pt) is .75 „ 


To this 750 half-milligrams of gold and 2J X 825 or 2,062*5 
half -milligrams of silver are added, and the whole is cupelled. 

Weight after third cupellation and parting m nitric acid 
■=800 half-milligrams, of which 750 had been added in the 
form of pure gold. The approximate composition of this 
alloy is thus determined to be as follows . — 


Gold . 
Platinum 
Silver . 
Copper 


50 

25 

10 

15 

100 


The final as%ay cannot conveniently be made on a single 
assay piece, because in the sulphuric acid paitmg it is 
desirable for the assay piece to contain one and a half to 
two parts of gold to one part of platinum. In the nitric 
acid parting, on the other hand, ten parts of gold are 
v required to each pait of platinum. 


P.M. 


T 
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Riche and Forest accordingly recommend that 0*5 gram 
(“1,000” in gold bullion assay weights) of the alloy be 
taken for the sulphuric acid parting if the platinum does 
not exceed 300 milliemes, and that a little less weight 
be taken if a greater proportion of platinum is present. 
Gold is added, if necessary, to give a maximum of two parts 
of gold to one of platinum. 

The amount of lead lequired for cupellation is about 
double the amount of lead which would be required in a 
gold assay, or in the case under consideration, as the 
copper amounts to 150 per 1,000, about 15 grams of lead 
would be used for 0*5 gram of the alloy. In cases wheie 
the platinum exceeds 200 per 1,000 of the alloy, d’Arcet 
and Chaudet recommend a second cupellation with one or 
two grams of lead 

The weight of the cupelled button is, of course, compared 
with a cheek assay-piece made up m accordance with the 
approximate composition of the alloy, pieviously deter- 
mined, and this is done step by step through all the 
operations. If there is a surcharge 1 in the check of more 
than one or two parts per 1,000 m the first cupellation, 
showing retention of copper, the prills are re-cupelled with 
fresh lead. The corrected weight of Au+Pt+Ag is then, 
say 853 

The cupelled button or prill m this ease does not lequire 
the addition of gold, and is re-cupelled with 2J parts of silver to 
one part of gold and platinum taken together, that is to say — 
Gold + platinum = 750 approximately 
Silver already present = 100 ,, 

Silver required to be added = 1,775, or 0 877 gram. 

1 See above, p. 209 
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The amount of lead required foi this second cupellation is 
5 grams. 

The biftton is worked as described above m the assay of 
gold bullion and the cornet boiled in concentrated sulphuric 
acid for ten minutes. This is a delicate operation, as the 
boiling point of sulphuric acid (S25°C.) is so high that glass 
vessels are liable to be cracked by cold draughts. More- 
over, the acid boils explosively with heavy bumping, and 
boiling sulphuric acid is terribly corrosive and inflicts 
dangerous wounds. It is advisable to use a platinum 
boiler, if possible, but if glass is used it must be protected 
from the air by being wrapped in asbestos, and heated at 
the sides moie than at the bottom. Sometimes pieces of 
carbon are added to assist the acid to boil quietly. After 
boiling, the vessel is allowed to cool almost completely, as 
otherwise it would crack during decantation. The liquid is 
then decanted into a dry vessel, or into a considerable bulk 
of cold water, to avoid danger from the heat generated by 
mixing sulphuric acid and water. The decantation must 
be as complete as possible, to avoid beating on the addition 
of the washing w*ater, which should be warm in order to 
dissolve the sulphate of silver. After washing twice, the 
cornet is again boiled for ten minutes in sulphuric acid 
and washed, dried, and annealed. Its weight gives the 

amount of gold + platinum, in this case, say 752*5. 

* 

For the determination of the gold, 0*25 gram or 500 
half-milligrams of the original alloy is taken, containing 
250 gold 
125 platinum 
50 silver 
75 copper. 


t 2 
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This is cupelled with 0*5 gram of pure gold (making ten 
paits of gold to one part of platinum) and 1*412 grams of 
silver and 5 grams of lead. The resulting button ds worked 
and parted m nitiic acid as described m the assay of gold 
bullion. If, as generally happens, there is a surcharge in 
the check assays of moie than one or two paits per 1,000, 
showing the retention of platinum, the mquartation and 
parting is repeated. The final weight is then, say 1,248 
half-milligrams, and after deducting 1,000 and doubling the 
remainder, the result 496 is obtained for the amount of 
gold present m 1,000 parts of the original alloy. 

The final result of the assay will then be reported as 
follows — 

Gold . 496 0 

Platinum . .*# 256*5 

Silver ... . 100*5 

Copper (by diffeience) . 147*0 

Total lOCXTO 

If necessary as small a quantity as 01 gram may be 
taken for assay. This is a convenient amount for alloys 
containing 900 to 950 platinum and the remainder gold. 

It is, of course, obvious that alloys of platinum and silver 
only can be assayed by sulphuric acid parting without the 
other methods, and platinum-gold alloys do not require the 
sulphuric acid parting. The cupellation requires a higher 
temperature m proportion as the percentage of platinum 
is gt eater, and alloys containing over 50 per cent, of 
platinum cannot be freed from lead without the help of the 
oxygen-gas blowpipe. 



CHAPTER XVIII 

PRODUCTION AND CONSUMPTION OF THE PRECIOUS 
METALS 

Production of Gold in the World. 

No means exist of estimating the amount of gold pro- 
duced m ancient times. Doubtless it was small compared 
with the output during the last half-century. The con- 
sumption, however, was much less, and considerable stocks 
accumulated m the hands of certain monarchs. Thus the 
treasure of Pytheus, 470 r.c , has been estimated at 
£3,600,000, derived from the sands of the Pactolus in 
Phrygia, and Jacob states that Alexander acquired in Persia 
gold probably amounting in value to over £50,000,000 

Production of gold m the Middle Ages was very small, 
most of the old goldfields in Egypt, Spain, Phrygia, India, 
etc., having been exhausted and no new ones discovered. 
After the discovery of America m 1492, gold reached Europe 
from the West m a steady and increasing stream. The 
following table gives Soetbeer’s estimates of the annual 
production between 1492 and 1885, and the estimates of 
the Bureau of the United States Mint for the years 1886 
to 1906. 

The total amount of gold produced in the period is given 
as 603,781,000 fine ounces of the value of £2,412,750,000. 
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Production of Gold in the World 


PcilOtl 

Annual A\eiage 

Ounces (fine) 

r> 

Wilue 

•* 

1493—1520 

186,000 

£ 

790,000 

1521—1544 

230,000 

977,000 

1545 — 1560 

273,000 

1,165,000 

1560—1600 

228,000 

968,000 

1601—1640 

270,000 

1,152,000 

1641—1680 

290,000 

1,232,000 

1681—1720 

379,000 

1,610,000 

1721—1740 

613,000 

2,605,000 

1741—1760 

791,000 

3,362,000 

1760—1800 

618,000 

2,626,000 

1801—1810 

571,000 

2,426,000 

1811—1820 

368,000 

1,564,000 

1821—1830 

457,000 

1,942,000 

1831—1840 

652,000 

2,771,000 

1841—1850 

1,760,000 

7,480,000 

1851—1860 

6,450,000 

.37,410,000 

1861— 1870 

6,110,000 

*5,960,000 

1871—1880 

5,570,000 

23,670,000 

1881—1885 

4,790,000 

20.360.000 

23.209.000 

1886—1890 

5,461,000 

1891—1895 

7,882,000 

33,490,000 

1896—1900 

12,447,000 

52.900.000 

66.200.000 

1901—1905 

15,581,000 

1906 

19,366,550 

82,260,000 

84,825,000 

1907 

19,958,874 


The production of gold for the year 1906 for different 
countries is given by the Director of the United States 
Mint as follows — 


Country 

Ounces (fine) 

8 

Value 

North America — 

United States 

4,o65,333 

£ 

19,392,000 

Canada 

581,657 

2,470,000 

Mexico 

896,615 

3,808,000 

Carried foiwaid 

6,043,605 

25,670,000 
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* Country 

Ounces (line) 

Value 

Bi ought foiwaid 

6,043,605 

£ 

25,670,000 

Africa 

6,553,4S4 

27,837,000 

Austialasia 

3,985,6S4 

16,930,000 

Europe — 

Russia 

943,056 

4,005,000 

Austria-Hungary . 

126,519 

537,000 

Germany 

3,890 

16,500 

Sweden 

643 

2,700 

Italy 

1,993 

8,300 

Turkey 

289 

1,200 

Great Britain . 

1,414 

6,000 

Servia 

2,893 

12,300 

Asia — 

Japan 

156,016 

663,000 

China 

88,961 

378,000 

Koiea 

108,844 

462,000 

Siam 

2,572 

10,900 

India 

584,744 

2,483,000 

East Indies 

! 142,064 

604,000 

South Amenca 

527,447 

2,244,200 

Central America 

92,432 

392,500 


19,366,550 

82,263,800 


The production of gold in the United States in 1906 and 
1907 was divided between the following States, according to 
the Director of the United States Mint:— 


State 

100b 

Ounces (tine) 

1907 

Ounces (fine) 

Colorado 

1,109,452 

990,398 

Alaska 

1,033,537 

882,923 

California 

911,041 

841,454 

Nevada 

448,852 

711,339 

South Dakota 

319,512 

197,634 

Utah 

24S,208 

225,086 

Montana 

218,752 

203,482 

Arizona . 

132,891 

122,849 

Oregon 

63,860 

57,082 

Idaho 

50,102 

52,616 

Other States or Territories 

29,126 

29,879 


4,565,333 

4,314,742 
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The production of Canada in 1906 came chiefly from the 
Yukon (250,000 oz.) and from British Columbia (296,000 oz.). 
A little is produced in Ontario and Nova Scotia. 

The output of Africa in 1906 and 1907 is divided as^ 
follows 1 : — 


— 

100G 

Ounces (fine) 

j 1007 

[ Ounces (line) 

i 

Witwatersiand 

Rest of Transvaal 

Rhodesia 

Madagascar 

West Coast 

5,559,534 ) 
227,083 j 
479,089 
56,5S5 
199,432 

: 

6,451,494 

545,082 

54,012 

272,277 


The production of the individual Colonies of Australasia 
m 1906 and 1907 was as follows . — 


Colony 

1906 

Ounces (tine) 

1907 

Ounces (fine) 

West Australia 

1,794,547 

1,697,553 

Queensland 

544,636 

466,476 

Victoria 

772,290 

695,576 

Hew Zealand 

534,617 

477,312 

Hew South Wales 

253,987 

247,363 

Tasmania 

60,023 

65,354 

South Australia 

25,584 

11,871 


3,985,684 

3,661,505 


Bussia furnishes official accounts of her pipduction of 
gold, which is derived from Siberia and the Urals. The 
official figures give the amounts deposited in the Imperial 
Treasury. It is estimated, however, that 10 or 15 per cent, 
of the output does not find its way to the Treasury and 

1 “Mineral Industiy for 1907,” p. 473 
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is smuggled out of the country. It is probable that this 
gold is not reckoned in the output of any country. 


, Production of Silver in the World. 

The following table is from the Annual Eeport of the 
Director of the United States Mint for 1907, p. 142. It 
gives the annual average production of silver in the world 
since the discovery of America in 1492 : — 


Period 

Annual average 

Ounces (fine). 

1493—1520 . 

1,510,000 

1521—1580 . 

7,040,000 

1581—1640 . 

. 13,240,000 

1641—1700 . 

. 11,200,000 

1701—1760 . 

. 14,140,000 

1761—1820 . 

. 24,100,000 

1821—1830 

. 14,807,000 

1831—1840 . 

. 19,175,000 

1841—1850 . 

. 25,090,000 

1851—1860 . 

. 28,791,000 

1861—1870 . 

. 39,226,000 

1871—1880 . 

. 71,046,000 

1881—1890 . 

. 100,457,000 

1891—1895 . 

. 157,581,000 

1896—1900 . 

. 165,693,000 

1901—1^05 . 

. 167,450,000 

1906 

- 165,755,000 


The production of silver is given by the “Mineral 
Industry for 1907,” p. 474, as 184,552,343 fine ounces for 
1906, and 193,542,381 fine ounces for 1907. 
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The pioduction of silver for the year 1906 for different 
countries is given by the Director of the United States 
Mint as follows . — 


Countiy 

Ounces (fine). 

North America — 

United States . 

. 56,517,900 

Canada . 

8,568,665 

Mexico . 

. 55,225,268 

Africa 

702,464 

Australasia . 

. 14,237,246 1 

Europe — 

Russia .... 

. 0 166,183 

Austria-Hungary 

1,806,322 

Germany 

5,696,433 

Norway and Sweden 

207,850 

Italy . 

672,449 

Spam . 

4,064,532 

Greece . 

829,025 

Turkey .... 

37,874 

France .... 

890,555 

Great Britain . 

137,216 

Asia — 

Japan .... 

2,451,357 

East Indies 

182,889 

South America — 

Peru .... 

7,404,238 

Bolivia .... 

3,096,998 

Carried forward . 

. 162,895,464 

The estimate of the Deputy Master 

of tlie Melbourne Mint 

f 5,959 refined ounces. 
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i Country. 

Brought forward . 
South America — continued . 
Colombia 
Chile . 

Argentine 
Ecuador . 

Central America 


Ounces (fine) 
162,895,464 

763,335 

397,853 

14,440 

13,592 

1,670,159 


Total . 


. 165,754,843 


The production of silver in the United States is divided 
between the following States and Temtories : — 



Ounces (fine) 

Montana 

. 12,540,300 

Colorado 

. 12,447,400 

Utah .... 

. 11,508,000 

Idaho 

. 8,836,200 

Nevada .... 

. 5,207,600 

Arizona 

2,969,200 

California 

. 1,517,500 

New Mexico .... 

453,400 

Texas 

277,400 

Alaska .... 

203,500 

Michigan 

186,100 

South Dakota .... 

155,200 

Oregon 

90,700 

Other States and Territones . 

125,400 

Total . 

. 56,517,900 
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Consumption of the Precious Metals. ° 

One of the difficulties in estimating the amounts of gold 
and silver used in the Arts is that variable proportions of 
old material (jewellery, etc.) aie used with new matenah 
In 1880 Dr. Adolf Soetbeer estimated the consumption of 
the precious metals by the civilised nations of the world 
at 2,689,000 oz of gold and 15,142,000 oz. of silver, 
reckoning new material only. The following are estimates 
made by the Director of the United States Mint : — 


Year 

Gold 

Ounces* (fine) 

Silvei 

Ounces (fine) 

1901 

3,834,000 

44,068,000 

1904 

3,870,000 

57,377,800 

1905 

4,117,777 

50,718,000 

1906 

5,882,458 

85,196,100 


In these estimates only new material is taken into 
account. 

They do not include the exports of gold and silver to 
India, China, etc., where they are converted into jewellery 
oi hoarded The exports of silver to these countries are 
sometimes very large, having amounted in 1906, for 
example, to about 120,000,000 oz. 

The precious metals used for the coinage of the world 
sometimes exceed the total production for the year, but 
this is due to the remelting of foreign com m many mints, 
and to the withdrawal and remeltmg of worn com m 
certain countiies. In the year 1906, 17,721,058 fine 
ounces of gold were used for coinage in the mints of the 
world, 1 of which 3,587,000 fine ounces were supplied by 
1 “ Bepoit of the Duectoi of the United States Mint ” (1907), p. 102 
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lemelting old coin. In the same year 120,839,500 oz of 
silver were used in coinage, of which 34,200,000 oz. con- 
sisted of*old com. 

# Wo) Id's Stock of P) ecwas Metals . — The stock of gold and 
silver in the world has increased largely m recent years, but 
was formerly very small. Jacob estimated the amount of 
gold and silver in circulation m Europe m 1492 at only 
£34,000,000, and MaeCulloeh estimated that this had risen 
to £400,000,000 in 1850. In 1894 the amount of gold coin 
only was put at £813,500,000. 1 According to the Director 
of the United States Mint, the world’s stock of gold on 
December 31, 1906, was of the value of $6,888,900,000, or 
about £1,425,000,000, of which $3,764,900,000, or about 
£779,000,000, was in banks and public treasuries. It is pro- 
bable that the estimate of the amount m circulation 
(£646,000,000) is too high. The total stock of silver at the 
same date is put at $3,260,200,000, ox about £674,000,000 
at coming value. The stock of gold coin m the United 
Kingdom is estimated to be about £100,000,000, and that 
of silver com to be about £25,000,000. 

Production of Platinum. 

The greater part of the annual production of platinum is 
obtained from Kussia. It is estimated that the total 
amount produced m that country from its diseoveiy m 1819 
down to 1907 was 7,500,000 oz., including 1,500,000 oz., 
stolen by the miners, which has secietly found its way to the 
market and is not accounted for by the Government 
statistics. 2 The production, at first small, lose to 110,000 oz. 

1 “ Bepoit of the Director of the United States Mint for 1894.” 

3 “ Mineral Industry for 1892,” p 388, and subsequent years 
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per annum m 1846, but after the coining of platinum 
by the Russian Government had been discontinued, the 
output fell in 1852 to 6,400 oz. 1 Subsequently tb® amount 
gradually mci eased and reached an average of 58,000 ofo 
per annum in 1876, 2 139,000 oz. m 1886, and 200,000 oz. 
in 1896. The output has been stationary for some years, 
and amounted to 210,318 oz. m 1906. 3 In that year 120 
platinum placeis were being exploited, employing 6,200 
workmen who washed 1,886,000 tons of alluvium and 
obtained an average of 0*09 oz. crude platinum per ton of 
gravel. 1 

The production in other countries is" 1 insignificant. 
Colombia produces about 4,000 oz. per annum, the United 
States a few hundred ounces, and Australia, Canada, 
Borneo, etc., smaller quantities. 

The price of platinum has risen in an extraordinary 
manner in the past few years. After being between 30$ 
and 40$. per oz. for many yeais prior to 1894, it rose to 
£4 10$. per oz. m 1905, and reached a maximum of £8 per 
oz. in 1906. This great increase in price led to no unusual 
activity on the part of the producers in the Urals, because 
the entire output for a numbei of years to come is stated to 
have been bought at fixed prices by the dealers m platinum 

The consumption of platinum is put at 325,000 oz per 
annum, or much more than thepioduction. The deficiency 
is made up by old platinum which comes into* the market, 
partly owing to the high price of the metal. 

1 “ Mineral Industry for 1906,” p 656 

2 “ Ore Deposits,” J A Phillips, 1884, p 402 

s £C Mining Journal,” May 4, 1907, “ Mineral Industiy for 1907,” p 784 
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